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A. Tracking Station Operations The DSIF is a precision tracking and data acquisition 
network which is designed to track, command, and receive 
data from deep space probes. It utilizes large antennas, 1 .  Goldstone 
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DSIF 51 

DSIF 59 

In order to meet the Ranger 6 video bandwidth require- 
ments, unity gain 30-Mc isolation amplifiers were installed 
at the Echo and Pioneer Stations to feed data to the 
ground TV equipment and to the noise monitoring equip- 
ment. Similar modified equipment was sent to the over- 
seas stations to feed the video recorders. A new quadripod 
and an equipment cage have been installed on the Gold- 
stone Pioneer antenna. 

2. Woomera 

The Woomera Station successfully acquired, tracked, 
and received data from the Ath-Centuur (AC-2) which 
was launched on November 27,1963. Tracking operations 
lasted from 20:07 to 20:26 GMT. The AGC voltage ex- 
hibited a very predominant ripple at 0.67 cps. The 
Woomera Station accomplished this mission in addition 
to making preparations for tracking the Interplanetary 
Magnetic Probe (S-74) which was also launched on 
November 27, 1963. 

1 
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B. Engineering Developments 
1 .  S-Band Systems Engineering 

Systems engineering has completed: drawings of an- 
tenna cage and equipment, control building floor layouts, 
S-band receiver and CDC compatibility tests, tests of 
commands generated in the CDC, plans for making a 
compatibility test with a Surveyor spacecraft, system per- 
formance tests with a Ranger 6 PTM and a preliminary 
function description of the Ames/DSIF Pioneer Program. 

2. Computer Programs 

a. Trajectory program for on-site computers. A space- 
craft trajectory program has been developed for small 
size digital computers which is accurate enough to gen- 
erate prediction data and antenna drive tapes. Position 
and velocity components at injection are used, and a 
variable step size numerical integration is used to improve 
accuracy and to reduce the computation time required. 

b. Method of rejecting possible blunder points. Track- 
ing data which is used in the orbit determination com- 
puter program has a tendency to be contaminated with 
what are known as “blunder points.” To reduce the effect 
of these “points” a method of using auto regression 
smoothing is proposed, which is accomplished by differ- 
encing the sampled time series of tracking data with a 
predicted time series based on the trajectory’s initial 
conditions. Preliminary tests indicate that there is merit 
to the proposal. 

3. Mariner C 100-kw Transmitter 

The 100-kw transmitter at the Venus site will be used 
in Mariner C operations when the spacecraft is on its 
way to Mars in 1965. In order to accomplish this at the 
operations frequency range of 2110 to 2120 Mc, a com- 
plete Cassegrain cone with two klystron ampIifiers (one 
for redundancy) and switching capabilities will be con- 
structed. This will be done on a fixed price basis because 
of the availability of complete documentation. 

C. Research and Development 
1 .  Ground Antennas 

a. Boresight calibrations for DSZF antennas. Several 
techniques for boresighting DSIF ground antennas using 

radio star sources have been developed. One of these 
methods uses an ephemeris angle drive tape to drive the 
antenna to the source location and angular offsets to 
steer the antenna exactly on course. The offsets required 
determine the boresight error. Using this method on the 
85-ft Venus antenna, a 0.035-deg peak-to-peak cyclic 
error was discovered which was corrected by replacing 
the elevation angle encoder. 

b.  Antenna instrumentation. An automatic typewriter 
(Flexowriter) has been added to the transportable an- 
tenna instrumentation system to permit simultaneous line 
printing of scanned data, the punching of a paper tape, 
and the later verification of punched data. The system 
will be used to make additional measurements on the 
85-ft Venus antenna and also to check the 210-ft antenna 
when it is erected. 

c. Radio frequency interference tests. Although flu- 
orescent lighting fixtures have several advantages, they 
have not been used in DSIF Stations because of the 
danger of potential R F  interference. A new unit with RF 
shielding has been tested and was found not to increase 
the noise temperature by more than 0.02”K when illunii- 
nating an isotropic side lobe at a distance of 50 ft. 

Similarly, a dc tachometer was tested and 110 noticeable 
interference was noted. It is estimated that it would 
cause a maximum of O.l°K increase in noise temperature 
in an operational situation. 

d.  30-ft antenna reflector calculations. Recent struc- 
tural deflection measurements which were made on the 
Venus 30-ft antenna have made it posible to check 
the STAIR Computer Program which is being used in 
the design of the 210-ft antenna. When the computed 
deflection values were compared to the actual measure- 
ments, the results were considered to be within reasonable 
tolerance except for one joint. This is being investigated. 

e. 85-ft antenna, reflector resurfacing. A new reflector 
surface has been installed on the 85-ft antenna at the 
Goldstone Venus site and has been measured to have 
0.4-db more gain than the old surface. 

An improvement installed with the new surface was 
the use of new panel mounting assemblies which were 
specially designed to minimize temperature effects, to 
allow adjustments from the front of the panel, and normal 
to the reflector surface. 

2 
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2. Planetary Radar Project 

a. Water rotary joint for &El antenna. Continued 
surveillance of the water rotary joint installed in the 85-ft 
antenna at the Goldstone Venus site indicates that the 
carbon seals are satisfactorily wearing in. 

b. High-power transmitter. The series limiter for the 
100-kw klystron at the Goldstone Venus site is a water 
cooled triode, operated as a diode, which uses an emis- 
sion limited cathode. Limiting is controlled by varying 
the filament voltage. A new klystron filament supply has 
been designed and built. This includes a new solid-state 
rectifier assembly, protective diodes, and a filter choke. 
A lightweight, sensitive, shielded unit for measuring inci- 
dental phase modulation has been built and tested. 

c. Mod N planetmy radar receiver-a note on relia- 
bility. The Mod IV planetary radar receiver has operated 
for more than 7400 hr without a tube failure. This is 
attributed to a 100-hr tube aging test made prior to use 
in the receiver and the reduction of plate voltage from 
150 to 120 v. The receiver is also more stable and drift 
free. 

d.  Nine-chunnel autocowelator. A nine-channel auto- 
correlator is being built which will resolve the received 
planetary radar signal into nine separate and adjacent 
geographical zones, detect the power in each zone’s sig- 
nal using bandwidths from 25 to 400 cps, accumulate 
50 autocorrelation points for each signal and feed the 
data to a stored program computer for control, integra- 
tion, recording, and display. The nine channels are ob- 
tained by modulating the transmitted signal with a 
pseudonoise (PN) code and demodulating the received 
signal with nine separate demodulators, which are fed 
with the same PN code, each displaced in phase by 
1 code bit. 

e. Central frequency synthesizer. A central frequency 
synthesizer is planned for use at the Venus site to sup- 
ply all the coherent reference frequencies for the receiver- 
transmitter systems at both the 85- and 30-ft antennas. 
By consolidating all the equipment, considerable reduc- 
tion is possible. Improvements will be made in some cases 
in that all reference frequencies will be coherent. 

3. Lunar Radar Project 

a. A range-gated lunar radar experiment. In a previous 
SPS (37-23, Vol. 111), a proposed method of making radar 
experiments on the Moon was discussed. This system has 
been implemented and used with satisfactory results. A 

PN code modulation of the carrier (length 16,383) was 
used, running at a 1-Mc digit rate. Correlation of the 
return signal, using a fixed delay between the transmit 
and receive coders, provided a measurement of a range- 
gate increment of 150 m. System temperatures are 
considerably degraded at low elevation angles. Range 
calibrations using the collimation tower agree within the 
system uncertainty. Actual measurements on the Moon 
revealed lunar ephemeris inaccuracies which are being 
corrected. Data on lunar surface characteristics is now 
being reduced. 

b. Lunar radar range masurements. Preliminary re- 
sults from the lunar radar measurements indicate that 
the observed response curves may be a powerful means 
of studying the lunar topography over regions of 45-km 
sizes,and will require a major research effort to improve 
the lunar ephemeris for the purposes of calculating sig- 
nificant astronomical constants from radar observations. 

4. Ranging and Tracking System Development 

a. MonostatiC radar operating parameters. Preliminary 
test results of the anti-sideband system coupled with the 
effects of target dynamics (discussed in SPS 37-24, 
Vol. 111) have pointed up several areas of compromise 
in the selection of receiver loop bandwidth, keying rate, 
and predetection bandwidth. Inherent in the problem 
are the uncertainties of prediction of range and range 
rate at the time of satellite acquisition. 

b. Monostatic satellite and lunar radar transmitter. The 
10-kw transmitter, which will be used on the 30-ft an- 
tenna at the Venus site, will have improved directional 
couplers to reduce the uncertainty of back power meas- 
urements, a photodiode arc detector near the klystron 
window with a 5-psec response time instead of several 
milliseconds, new power meters that are linear and not 
temperature sensitive, a waveguide switch to eliminate 
the necessity of manually connecting the transmitter to 
the antenna feed on the water load, and water flow gages. 
All are expected to improve reliability. 

5. S-Band Implementation for DSIF 
a. TWM for DSZF. The closed cycle refrigerators (CCR) 

for two traveling wave masers( TWM)have been received 
and tested. The compressor unit has been repackaged and 
is more compact than the old version. Two TWM units 
are nearly complete. 

b. Acquisition aid for DSZF. The S-band acquisition 
aid antenna will use the basic 85-ft S-band feed horn 

3 
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as an antenna and will have its own angle tracking chan- 
nels in the receiver. An erectile, close-in collimation tower 
is being designed to provide a rapid multipath free means 
for phasing and collimating the acquisition antenna. 

c. DSlF microwave switch control assembly. In order 
to rapidly and safely control the various microwave 
switches in the S-band system, an automatic control 
system has been developed. Logic circuits are used to 
interlock the controls so specific modes of operation 
may be switched without endangering equipment or 
personnel. 

D. Advanced Antenna System 
1 .  Synopsis 

Excavations for the antenna pedestal and the instru- 
ment tower have been completed, and placement of forms 
and reinforcing steel for pouring of concrete is in process. 
The outside diameter of the pedestal is 88 ft, 8 in. and 
that of the tower is 26 ft. The foundation depths are 
11 and 35 ft, respectively. A 5-mi road 24% ft wide has 
been completed, and erection of the 315-ft-high guyed 
derrick is in progress. Preliminary design and engineering 
analysis of the antenna is nearly completed. 

4 
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II. Tracking Station Operations 

A. Goldstone 

Preparation for the Ranger 6 mission continues to be 
the primary activity at Goldstone. Station effectiveness 
evaluations have proved satisfactory, and the mission 
equipment is ready for the approaching DSIF net inte- 
gration tests. 

I .  General Activities 

The video compatibility tests conducted through Sep- 
tember indicated a difficulty with the receiver capability 
to pass a 2.0-Mc bandwidth. Channel parameters of the 
Ranger 6 video cameras require a minimum of 2.25 MC 
for synchronization and white/black contrast stability. 
Two channels, one on the upper and one on the lower 
sidebands, will be used. 

A unity gain isolation amplifier with four balanced 
%-ohm outputs was installed between the preamplifier 
port and the video equipment, providing a balanced 
50-ohm input to each of the two video preamplifiers. 
Maser system noise temperatures are measured from the 
third output; the fourth, grounded through a S-ohm 
resistor, is available as a spare. 

Tests made with this new configuration were satisfac- 
tory. An approximate bandwidth of 3.0 Mc is available, 
and video pictures have been taken and recorded at 
signal strength levels which are calculated for lunar 
distances. The Ranger Proof Test Model was used for 
these experiments. 

2. Receiver Modifications 

As a result of the success of the 2.0-Mc bandwidth 
investigation and modifications to the Echo receiver, the 
Pioneer receiver was modified in essentially the same 
way as that performed on the Echo receiver. Since only 
one video preamplifier is used with the Pioneer back-up 
video installation, the isolation amplifier has two ports 
available for other use, whereas Echo has only one. A 
block diagram of the modified Echo/Pioneer configura- 
tion is illustrated in Fig. 1. 

Modifications similar to Echo/Pioneer were made to 
the 30-Mc preamplifiers for Woomera and Johannesburg 
to provide additional bandwidth. An International Tele- 
phone and Telegraph isolation amplifier, having two 
wide-band (5.0-Mc)output ports, feeds a Lel, Incorporated 
30-Mc preamplifier from one port and a 30-Mc noise 

5 
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DSlF 

AMPLIFIER RECEIVER 
960 Mc 

ANTENNA 
AMPLl FI E R 12mL, i 

NOISE 
NO. I NO. 2 PREAMPLIFIER 

"LINES 2 AND 3 UNUSED AT PIONEER 

Fig. 1. Echo and Pioneer receiver configuration 
modification 

amplifier from the other port. Two FR-800 (previous€y 
designated as FR-700-21) video tape recorders are con- 
nected to the balanced outputs of the Le1 amplifier. Fig. 2 
is a block diagram of the planned overseas configuration. 

3. Ranger 6 Proof Test Model 
A Proof Test Model (PTM) of the Ranger 6 spacecraft 

was installed in a screen room near the Echo collimation 
tower. Fig. 3 illustrates the two sections of the spacecraft 

Fig. 3. Ranger 6 PTM in screen room 

1 I 

DSlF ANTENNA INTERNATIONAL TELEPHONE REGULATED 

ISOLATION AMPLIFIER I e q  150-v POWER I 
INPUT I 

SYSTEM ILZT- 
NOISE --iAMPLlFlERr I 
EQUIPMENT 30 Mc 

1 -  I I 

I 
!- 
I INPUT 

I 

14 ANUA L 
GAIN CONTROL 

Fig. 2. Woomera and Johannesburg receiver 
configuration modification 

as they were installed; the video camera installation is in 
the nose section (foreground). Tests were made for re- 
ceiver operation, transmitter operation for doppler and 
command signals, and video reception. These tests were 
conducted from October 26, 1963 to November 9, 1963. 

4. Atlas-Centaur 2 Mission 

The Atlas-Centaur 2 (AC-2) mission was integrated into 
the preparation for Ranger 6. During the period that the 
PTM tests were being conducted, two station prepared- 
ness tests for AC-2 were handled simultaneously with 
the PTM test. A final net integration test for AC-2 was 
conducted on November 22, 1963. The launch was re- 
scheduled for November 27, 1963 and was performed 
on that day. While the launch was successful, the Gold- 
stone Echo and Pioneer sites were unsuccessful in receiv- 
ing signals from Centaur. Operational readiness tests, 
performed during the station countdown (and immedi- 
ately after the first and second pass), indicated that the 
receiver and antenna were functioning properly. 

6 
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5. Equipment Installation 

a. Echo site. Final preparations for Ranger 6 have 
had first priority. AC-2 served 2s an operational 
test, and mission equipment is being maintained in an 
operation a1 status . 

The mission-oriented command system previously in- 
stalled (Ref. 1) was tested with the PTM. Start and stop 
commands were successfully transmitted. 

An Ampex FR-800 2-in. video tape recorder (Fig. 4) is 
being readied for installation at Echo, Johannesburg, and 

Fig. 4. Ampex FR-800 video tape recorder 

Woomera. It will be used to provide back-up for special 
video purposes requiring the additional bandwidth of 
the FR-800. A l-wk schooling period, which covered 
the operation and maintenance of the recorder, was 
conducted in November at the Echo site, and was at- 
tended by personnel from Goldstone, Johannesburg, and 
Woomera. 

The microwave link between Pasadena and Goldstone 
is completed except for final adjustments and testing. 
The Montana Mines relay station (Fig. 5) ,  approximately 
5 mi west-southwest of Goldstone, is one of two relays 
in the link circuit. In addition to the Pasadena-Goldstone 
circuit, a similar, shorter link is nearing completion be- 
tween the Echo and Venus sites. 

Fig. 5. Montana Mines relay station 

b. Pioneer site. Installation of the S-band transmitter 
is progressing on schedule. The Pioneer site antenna was 
rebuilt with a new quadripod (Fig. 6) to support the 
additional apex-mounted reflector and equipment, and 
an equipment cage to house part of the receiver and 
transmitter equipment. The klystron cabinet, containing 
the klystron and the focusing magnets, have been installed 
in the cage. Interconnecting cables have been installed 
between the antenna-mounted cabinet and the high- 
voltage power supply located in the hydromechanical 
building. Primary electric input power cables have been 
installed and connected and are ready for use. The air 
conditioning equipment has been installed for the equip- 
ment cage and associated equipment. 

A back-up video receiver (Fig. 7) for the Echo video 
equipment has been installed at the Pioneer site, and is 
capable of recording both video channels and the Chan- 
nel 8 telemetry. However, it has no reproducing facilities; 



JPL SPACE PROGRAMS SUMMARY NO. 37-25, VOL. 111 

Fig. 6. New quadripod on Pioneer site antenna 

therefore, the video tapes must be brought to the Echo 
site for this purpose. The Pioneer antenna will be tracking 
simultaneously with the Echo antenna. 

B. Woomera 
I .  Participation in Atlas-Centaur 2 Mission 

a. Prelaunch preparation. 
Training and calibrations. The DSIF Tracking Station 

at Woomera, Australia, had to make concurrent prepara- 
tions for the Interplanetary Magnetic Probe (IMP) S-74 
mission and the Atlas-Centaur 2 (AC-2) mission, with 
the result that station preparations for the AC-2 were 
not as detailed as they might otherwise have been. Time 
did not permit patterns, boresight versus polarization 
and signal strength, and ellipticity calibrations on the 
wide-band feed which was installed to provide the dual 
136 960-Mc capability on November 16, 1963. Sufficient 

Fig. 7. Back-up video receiver at Pioneer site 

I 8 
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checks were made to ensure correct operation of the 
feed and its associated acquisition aid relays. 

Earlier, a star track was conducted as part of the 
preparations for Ranger 6. The data was processed on the 
IBM 7090 at Weapons Research Establishment (WRE), 
Salisbury, and found to be noisy and to show an hour 
angle bias of about 0.02 deg. This was attributed to 
normal coupler wear, and plans were made for replace- 
ment of the Thomas couplers in the angle encoding 
system. 

Net integration tests were held on October 30 and 
November 1, 1963 and operational readiness tests on 
November 5 and 22, 1963. 

Aircraft tracks were held on November 7 and 21,1963 
to provide operator training on the newly installed moni- 
toring arrangements for use with the acquisition aid, 
to collimate the acquisition aid, and to demonstrate capa- 
bility to carry out the mission. During checkout of the 
acquisition aid on the near collimation tower installed 
for this purpose, difficulty was experienced, due to inter- 
action between the acquisition aid, which was then 
mounted at the quad tip, and defmsed  radiation from 
the dish. It was therefore moved to the dish rim where 
this problem would be eliminated. The aircraft track on 
November 21 revealed acquisition aid collimation errors 
of 0.7 deg in declination and 1.3 deg in hour angle which 
were taken out mechanically using the antenna angle 
yeadouts as reference. 

b. Station operations. 
Departures from nonnal recording. Although not 

specifically requested in the Operations Support Plan, 
it was assumed that a recording on the Consolidated 
Electrodynamics Corporation (CEC) oscillograph of the 
monitor receiver signal strength would be desirable. Just 
prior to acquisition, the temporary patching arrange- 
ments to provide this record became disturbed and the 
calibration upset. This recording was therefore missed. 
In the transfer to the IMP S-74 configuration immediately 
following the AC-2 mission, the monitor receiver line 
was used for 136-Mc signals, preventing a post-track 
calibration. 

The system temperature was recorded on the CEC 
oscillograph Channel 29 and, as on previous occasions, 
gave a record of signal strength independent of the phase- 
locked loop. This showed the system temperature varia- 
tion due to signal strength variations as the spacecraft 
rolled. 

Only one of two magnetic tape recorders was used for 
AC-2; the other was set up on 1% in./sec for the IMP $74 
configuration. 

Countdown. The countdown started at 09:OO GMT on 
November 27, 1963 and was uneventful apart from an 
excessive residual phase error and a faulty metering cir- 
cuit for system noise temperature. The excessive residual 
phase error was traced to 60-cps pickup from the Hewlett- 
Packard counter and, after rerouting the cable, no further 
trouble was experienced. No action was taken on the 
system noise temperature problem after it had been 
traced to the reference channel mixer because of possible 
bad effects on station calibrations. 

Collimation tower target illumination lights were de- 
fective so that optical and TV boresights had to wait 
until post-track. 

Tracking operations. In view of the big delay before 
launch, a second AGC calibration was taken just before 
acquisition. Acquisition aid phasing was checked and the 
near collimation tower lowered to the ground. 

The station received predictions at the nominal time 
and it was evident that the spacecraft was on a near 
nominal trajectory. Nevertheless, as confirmed by Net 
Control, the station followed the full acquisition scan 
and acquired signals as the scan pattern converged onto 
the predictions. No difficulty was experienced in trans- 
ferring from the acquisition aid to the dish soon after 
going to autotrack. 

The sequence of tracking events was as follows: 

20: 02 : 33 

20: 05 : 03 

20:06:33 

20:06:44 

20: 07 : 05 

20: 08: 52 

20:09:12 

Antenna at acquisition point 1; Receiver 
bandwidth, 20 cps; AGC time constant, 
10 sec. 

Antenna moves to acquisition point 2. 

Antenna moves to acquisition point 3. 

Signals acquired; sideband lock suspected; 
data transmission started; servo remains in 
aided track. 

Receiver breaks lock to check carrier lock; 
servo moves on into prediction path. 

Receiver in lock on carrier; good doppler 
data; tracking data transmission updated. 

- 135-dbm peak; receiver switched from 
manual to normal, giving first AGC reading 
indicated a ripple of 0.67 cps. 

9 
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20: 10: 12 

20: 10: 20 

20:10:40 

20: 10:50 

20: 18: 16 

20: 23: 27 

20:26:40 

Autotrack; servo bandwidth, 0.2 cps both 
HA and Dec (high speed). 

- 100-dbm peak received signal level, trans- 
fer from acquisition aid to dish; elevation, 
11 deg; telemetry Channel 4 in lock with 
slight noise on signal strength nulls. 

-98-dbm peak received signal level, snap- 
on complete; angle data switch to good. 

AGC ripple very regular and varying be- 
tween -98 and -115 dbm. Signals fall to 
extremely low level but, at this relatively 
high rate (0.67 cps), there is insufficient 
time for receiver to lose lock on the signal 
level nulls. 

Reduction in amplitude of telemetry Chan- 
nel 4 signals by about 25%. 

Dec prelimit reached; telemetry Channel 4 
commutator rate possibly reduced by 53% 
during pass. 

Receiver out of lock having tracked in hour 
angle as long as possible. 

Post-track calibrations. 

End of mission. 

c. Equipment operation. 
Receitier. The receiver system operated well for AC-2, 

although there were residual phase error and system 
temperature monitoring difficulties. 

There was evidence that the declination error chan- 
nel was more sensitive than the hour angle error channel, 
and this was traced to the wide-band feed. When time 
permits, antenna patterns will reveal the true extent 
of the variations, but it is not expected to be serious. 

Prior to the mission, attempts were made to use the 
recently installed wave analyzer to confirm carrier lock. 
This was found to be operationally difficult; it is unlikely 
to be successful until a motorized drive is delivered so 
that a pen recording of the received spectrum can be 
taken. 

An alternative method used in the mission was to dis- 
play a lissajous figure of the 455-kc oscillator and signal 
on an oscilloscope. The pattern is quite distinctive, de- 
pending on whether sideband or carrier lock has been 

CARRIER LOCK-ON E2! 
NOTES: 

( I )  

(2)  HIGHER DEPTHS OF MODULATION AND SIGNAL STRENGTHS 

3-db SUPPRESSION, - l IO-TO-140-dbm SIGNAL STRENGTHS 
(APPROX) 

OUTSIDE THE RANGE SHOWN MODIFY THE PATTERNS 

Fig. 8. Lissajous figures 

achieved,and is similar to the sketches in Fig. 8. Oper- 
ators soon come to recognize the various patterns, and 
in addition to the general appearance of the dynamic 
phase error signal, good carrier lock confirmation is 
achieved. 

The arrangement of the acquisition aid system is shown 
in Fig. 9. The monitor receiver used consisted of a Collins 
Mixer followed by the 51J4 receiver tuned to 30 Mc. The 
local oscillator for the mixer was derived from the X6 
multiplier of the reference channel of the receiver. The 
recorder used was a locally available four-channel pen 
recorder. 

The acquisition aid relays were located in the tracking 
feed drum and %-in. spiraline run from the dish rim to 
the quad tip carrying the acquisition aid signals. Phasing 
of the acquisition aid was accomplished by automatically 
switching in 455-kc phase shifters when in the acquisition 
aid mode. 

Performance during the aircraft tracks and the mission 
was excellent; no difficulty has been experienced with 
phasing or with transferring from the acquisition aid to 
the main beam. 

Sertio. Considerable effort was directed toward obtain- 
ing satisfactory collimation tower high-speed snap-ons 
in both track (far collimation tower) and acquisition (near 
collimation tower). These efforts were rewarded by 
trouble-free acquisition and tracking throughout the 
mission. 

1 0  
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r 
SUM 
HOUR ANGLE 
DECLINATION 

DISH 

A major advance in operating procedure was made by 
calibrating the x-y plotter over a range 90 deg in hour 
angle and 60 deg in declination. Angle grids were marked 
on the chart and the horizon, and the 10- and 20-deg ele- 
vation contours drawn in. In addition, the nominal and 
extreme trajectories were plotted as well as acquisition 
scan pattern. New predictions were marked on the plot- 
ter as they arrived. It was then a simple matter to follow 
the acquisition scan to intercept the nominal predic- 
tions and to tell if the antenna was wandering off 
predictions. The elevation contours were particularly 

-- --- ---- 
I-- * 
I 

helpful in indicating how much perturbation could be 
expected from the ground. 

Data. No difficulties were experienced in the data 
system. 

Instrumentation. Only one tape recording was taken 
so that the second tape recorder could remain set up on 
1% in./sec to support the IMP S-74 mission. 

Equipment behavior throughout the mission was satis- 
factory. 

1 
COAXIAL I 

Reference - 

MONITOR PARAMETRIC 

RECEIVER AMPLIFIER 

HOUR ANGLE 

DECLINATION 

1. "Goldstone Operations," Space Programs Summary No. 37-24, Vol. Ill, p. 6, 
November 30, 1963. 
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I I I. Eng i neeri ng Develop ments 

A. Systems Engineering 

I .  S-Band Systems Engineering 

A preliminary IBM listing of all inter-subsystem signal 
paths has been published and is undergoing review by 
the respective cognizant engineers for each subsystem. 

A detail drawing has been issued of the internal cage 
structural members which will be used for mounting 
racks and equipment in the antenna cage. A second 
assembly drawing is being prepared showing the mount- 
ing location of the various racks and equipment in the 
antenna cage. 

Opcration and calibration procedure outlines and 
quarter-scale front panel drawings have been received 
from all subsystem cognizant engineers. The quarter- 
scale drawings have been made into cardboard mockups. 
Floor layouts of the Control Buildings for each of the 
DSIF Stations have been collected. It is intended to use 
the mockup racks in conjunction with quarter-scale floor 
plans of the various stations to human engineer the con- 
trol room layouts. 

1 2  

An indentured specification list is being compiled 
using the Deep Space Net System Specification as the 
top document and will work down through the subsystem 
functional design and test specifications; module design 
and test specifications; and the DSIF standard and gen- 
eral specifications. The subsystem functional specifica- 
tion rough drafts have been completed and are now 
undergoing review. 

2. Project Engineering 

a. Surveyor. A series of compatibility tests between 
the feasibility model of the S-band receiver and the com- 
mand and data console (CDC) at Hughes Aircraft has 
been conducted in accordance with the test plan ref- 
erence in Ref. 1. 

Commands generated in the CDC modulated a model 
of the ground transmitter and were received through a 
coax line by a spacecraft receiver where the received bit 
error rate was checked against received signal strength. 
Simulated telemetry and television signals from the space- 
craft transmitter were received in the same way by the 
CDC and evaluated as a function of signal strength. 
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The tests revealed a need for some minor redesign of 
the DSIF feasibility model receiver; and a full report is 
being written and published by Hughes Aircraft Co. 

The document controlling the Surueyor/DSIF/CDC 
interface requirements’ has been revised and expanded 
to cover more technical details of the Surueyor spacecraft. 

Approval has been obtained for a plan to carry out 
compatibility tests of the T-21 Surueyor spacecraft with 
the full GSDS S-band system at Goldstone. This plan 
proposes to mount the T-21 spacecraft in a radio trans- 
parent igloo at the Goldstone antenna range. The igloo 
will be 32 f t  in diameter, 16 ft high at the apex, and 
built of fiberglass and foamed plastic laminate. 

A radio path from the antenna range to the Echo site 
will be established via a passive reflector on the Echo 
collimation tower. The propagation loss of the path is 
expected to be about uw) db. Site measurements and 
procurement action are proceeding. 

Material relating to the DSIF commitments for the 
Surveyor Project has been prepared for presentation to 
the Surveyor Design Review Board. 

b. Ranger. System performance tests were performed 
between the Ranger 6 Proof Test Model spacecraft and 
the DSIF. Some of the more important tests conducted 
are: 

(1) Measurement of the performance of the spacecraft 

(2) Threshold tests of the spacecraft DSIF receiving 

(3) Test of the data loop from the spacecraft through 
the DSIF to the Space Flight Operations Facility 
at JPL. Test results are still under evaluation. 

television system through the DSIF system. 

link. 

The Operational Support Equipment document stipu- 
lating the DSIF performance numbers is in the process 
of revision. 

c. Pioneer. A preliminary functional description of the 
Ames DSIF Pioneer Program was completed for for- 
warding to Ames and Space Technology Laboratories 
(STL). This description, together with similar inputs from 
STL, will form the basis for an interface specification 
to be issued by Ames Research Center. 

‘“Surveyor Spacecraft/DSIF Interface Requirements,” JPL Project 
Control Document No. 6. 

Coordination with STL continued in the areas of 
telemetry, command, recording, and display. A review of 
STL’s experience in computer processing of pulse code 
modulation telemetry data was held at STL with rep- 
resentatives from the Telecommunications Division of 
JPL. A familiarization tour of the Goldstone facilities 
was conducted for STL and Ames representatives. 

3. Systems Analysis 

A contract is being initiated for rewrite of the DSIF 
Systems Manual. Initially, the manual will contain only 
L-band information. At a later date it will be expanded 
to include the system capabilities of the S-band system. 
Most of the technical information will be supplied by 
JPL personnel. 

Patterns of illumination of the Moon by an 85-ft DSIF 
antenna at L-band have been calculated and plotted. 
Effects on system signal-to-noise ratio, when the Moon 
is within the antenna beam, have also been calculated 
and plotted. 

A systems specification for the AMR Spacecraft Moni- 
toring Station is being prepared. It will include mission 
support objectives, system requirements, and subsystem 
hardware requirements. 

B. Computer Programs 

I .  Trajectory Program for On-Site Computers 

A spacecraft trajectory program has been developed 
for small, on-site computers (SDS 920, IBM 1620) to 
relieve the Central Computing Facility of the responsi- 
bility of providing predictions and/or antenna drive tapes 
for the DSIF Stations. Although the program will be 
kept as small as possible, it will be accurate enough to 
permit the spacecraft to be within the beamwidth of the 
antenna pattern. However, many effects which normally 
would be considered in a precision trajectory program 
must now be omitted. A method of minimizing the error 
caused by omitting certain terms will be given in the 
following program discussion. The program does not 
attempt to consider powered flight during midcourse 
maneuver. 

1 3  
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The solution to the trajectory problem is obtained by 
a variable step size numerical integration of the equa- 
tions of motion. The integration is accomplished by a 
second-order Runge-Kutta integration scheme, starting 
with the position and velocity vector components at injec- 
tion epoch. At present, the program has provision for 
three step sizes which are used as follows: 

(1) The first step size is used for adjusting time to 
some even value. This procedure is necessary be- 
cause injection usually occurs at an odd time, i.e., 
decimal parts of a second. 

(2) The second step size is used as a coarse integration 
step. That is, if the predictions were required at a 
2-sec interval and the first value was required 3 hr 
dfter injection, it would be too time consuming to 
perform the integration for 3 hr with a 2-sec step 
size. In this case, the second step size could be 
any value greater than 2 that would not cause a 
loss in accuracy. The maximum value that can 
be used will vary with the type of mission. 

(3) The third step size is equal to the desired predic- 
tion printout interval. 

During that portion of the spacecraft trajectory for 
which the Earth is the central body, the second harmonic 
of the oblateness potential is used. Due to limited com- 
puter storage, no other perturbation effects are used in 
the program. By starting the integration with forward- 
mapped position and velocity vectors (together with their 
associated time), the effect of omitting the other perturba- 
tions should be minimized. 

The integration is performed in geocentric “space- 
fixed Cartesian coordinates. When the first printout time 
is reached, the vectors are transformed to geocentric 
Earth-fixed Cartesian coordinates. These, in turn, are 
transformed to topocentric coordinates, i.e., azimuth- 
elevation or hour angle and declination angle. A refrac- 
tion correction is then computed and added to the 
coordinate values. If an antenna angle drive tape is re- 
quired, these values are punched out on paper tape and 
the next point is computed. If a prediction listing is 
required, both the one-way and two-way doppler detec- 
tor outputs (D1 and D2) are computed. These compu- 
tations are made with the last reported spacecraft 
transponder frequency (prior to launch), and a nominal 
transmitter VCO frequency of 29.668212 Mc. The gen- 
eration of a set of predictions (horizon-to-horizon listing 
and angle drive tape) for a given station requires 14 min 
on the SDS 920 computer. Only 6 min are required for 
the actual computation and drive tape punching; the 

remaining 8 min are used for the printing of the pre- 
dicted values on the Flexowriter. 

To date, two test trajectory computations have been 
made using Ranger 4 and Mariner 2 data. In the Ranger 4 
test, integration was started at injection epoch and car- 
ried out until lunar impact. Topocentric coordinates for 
both the Woomera and Johannesburg Tracking Stations 
were obtained on an hourly printout. These values were 
compared with those obtained from the IBM 7090 Space 
Trajectory Program. The error, defined as the difference 
between values obtained from this program and the 7090 
program, was less than or equal to 0.2 deg in hour angle 
and less than or equal to 0.029 deg in declination angle 
throughout the entire trajectory. These values are well 
within the antenna beamwidth. 

In the Mariner 2 test, the program was started at injec- 
tion epoch and integrated forward for 6 days. When 
compared with the 7090 trajectory output, the maximum 
error was less than 0.090 deg in hour angle, 0.040 deg in 
declination angle, 4.8 cps at one-way doppler detector 
Qutput, and 4.8 cps at two-way doppler detector output 
throughout the total integration period. In both tests, the 
integration step size was 60 sec. By using a smaller step 
size, it should be possible to reduce the magnitude of 
the errors. 

Further investigation is continuing with both A4ariner 2 
and Atlas-Centaur 2 data. 

2. A Method of Rejecting Possible Blunder Points 
in Tracking Data 

a. Introduction. The tracking data used by the Orbit 
Determination Program (ODP) has a tendency to be 
contaminated by discrete noise with large variance. This 
usually happens with very small probability. Because of 
the nature of the estimation technique used in the ODP, 
great importance is given to the removal of these 
points. These points or observations are usually called 
“blunder points.” The optimum time for removing 
the blunder points is just before the tracking data is 
used by the ODP; this is the method discussed in this 
article. 

If doppler tracking data is considered as an observed 
time series and differenced with a second time series 
made up of the predicted doppler values, based on the 
best estimate of the initial conditions of the spacecraft’s 
trajectory, then the differenced time series acts like a 
stationary time series. 

1 4  



JPL SPACE PROGRAMS SUMMARY NO. 37-25, VOL. 111 

Let the sampled time series of the tracking data be 
denoted as S (i) where i = 1, . . . , N and let P (i) be the 
best estimate of S (i) based on the knowledge of the tra- 
jectory’s initial conditions. The ODP assumes that the 
sample time series S (i) is the sum of two time series, one 
representing real-time range rate R ( i )  and a noise time 
series consisting of a set of random variables that are 
independent of the time series R ( i )  and having zero 
mean; i.e., S (i) = R ( i )  + N ( i )  where R ( ) and N (  ) are 
independent, with R (i) being representative of the real- 
time rate between the spacecraft and the tracking station 
and N ( i )  is a random variable with mean zero. The 
differenced times series is 

D ( i )  = S ( i )  - P ( i )  = [ R ( i )  - P(i)J + N ( i )  (1) 

If [R (i) - P (i)] E 0, there would be no problem with 
rejecting possible blunder points; but, in general, this 
is not the case. Usually a time series has an increasing 
trend to it, which must be removed before the time series 
can be handled as a stationary time series. 

Even though the difference time series D (i) generally 
is not just the noise, it was found through experimenting 
that D (i) reasonably could be assumed to be a stationary 
time series. This suggests the use of autoregression, 
smoothing as given by Wold (Ref. 2) or Hannan (Ref. 3) 
to reject possible blunder points. 

b. Analysis. Consider the time series W ( t ) ,  operated on 
by the expectation operator E (  ). The mean value func- 
tion M (t) is defined 

The existence of the covariance kernel K (t, s) is also as- 
sumed, where: 

K ( t ,  4 = E { [W ( t )  - M @)I [W (4 - M (41 1 

K (t ,  S)  = R ( t  - S )  

(3) 

(4) 

for all t and s such that the time series W (t) and M (t) 
and K ( t , s )  have meaning, then the time series is called 
stationary (Ref. 4). Wold (Ref. 2) showed that there 
exists, when the time series has a discrete index, a nonde- 
creasing bounded function F (0 ) ,  defined for - 7 I O  4 7; 
such that 

and if 

F (0 )  is known as the spectral distribution function when 

l = F ( = ) - F ( - 7 )  (6) 

It is shown by Hannan (Ref. 3) that if 

(7) 

where 

then the time series W ( t )  can be written as 
m m 

W ( t )  - E [W ( t ) ]  = Zj exp (ithj) + ajt (t - i )  
j = O  j = o  

(Ref. 3) where Z s  and [ ( t  - i )  are uncorrelated random 
variables and a’s are constants. It is also shown that 
if Eq. (7) holds and F(o) is absolutely continuous then 

i.e., no the first summation in Eq. (8) can be dropped ( *  
pure sinusoids), and the time series W ( t )  can be writ- 
ten as 

(9) 
j = o  

where a’s are constants and [ (t - i )  are uncorrelated ran- 
dom variables with mean zero. In practice, it is unhown 
how to estimate the constants ai and characteristics of 
the random variables [ ( t  - j ) ,  without some a priori 
knowledge of how the time series is generated. Instead, 
a transformation of Eq. (9) is made to 

m 

I: pi [ W ( t  - j )  - E [ W ( t  - j ) ]  = [ (t - C) p c  1 

which is almost the same problem as above except that, 
under the condition of Eqs. (3) and (4), it is possible to 
estimate the constants pi. A procedure that uses Eq. (10) 
is usually called autoregressive filtering. 

In order to use autoregression, a check must be made 
on the stationarity of the time series of interest, and a 
test must be made to determine whether the spectrum 
distribution function F (a) is absolutely continuous or 
not. In using autoregression, the transition from an infi- 
nite series to something finite is made in terms of 
limits; i.e., 
m 

pi [ W ( t  - i ) ]  - E  [W(t - i ) ]  = [ ( t  - C) pc = 1 

15 
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and let m+ co. If Eq. (kl) is used for estimating W (t) 
then the variance of [W (t) - W (t)]  is monotonically 
decreasing in m. Therefore, it is only necessary to select 
a value of m large enough. It was found that m = 2 was 
sufficient for tracking data editing (Ref. 3). Let 

Y ( t ) = W ( t )  - E [ W ( t ) ]  (12) 

and 

then in terms of Y (t) and for a fixed m the solution for 
the Po, . . ,pm where pc = 1 is found by: 

m 

2 p j Y ( t - j ) = S ( t - C )  (134 
j = o  

I11 

Y ( t  - i )  2 pj Y (t - i) = Y (t  - i) 8 (t - C) (13b) 
j = o  

ni 

E [Y (t - i )  2 pi Y ( t  - j ) ]  = E [Y ( t  - i) 8 (t - c)]  
j = o  

(134 
= E [Y  (t - i)] E [6 ( t  - c ) ]  = 0 

Therefore, 

Let 

x =  

where 

p (m - 1 - c) 
p ( m f 1 - c )  

p (m + 1 - c) 
p(m - 1 - c) 

p= 

16 

In terms of matrixes, the equation for the P's is 

;;p (16) 

There is always a unique solution of Eq. (16) since if 
c = 0, h is a positive definite matrix which implies that 
X is positive for any c, and in general there is an easy 
solution of a matrix equation like Eq. (16). (See Wilkinson, 
Eef. 5.) The solution of Eq. (16) gives an estimate 
X (t - c) of X (t - c) in terms of m other values of the 
time series. Depending on c, this can be either a predic- 
tion or smoothing. 

In practice, for a small period of time the mean value 
is taken to be a constant, M, and is estimated by 

(17) 
A l N  
M ( t )  = N 2 W ( t )  

f z l  

and 

l N  
2 ( y )  = N 2 W ( t )  W (t + y )  - [ M  (t)]' (18) 

It is clear that R (7) is a consistent estimate of R (7) and 
is positive definite. This means that there always exists 
an inverse to K in Eq. (16). 

t = 1  

A 

With 2 N  + 1 observations denoted as D ( -  N ) ,  . . . , 
D(O), . . . ,D(N) it is possible to estimate M ( O ) ,  and 
R ( y )  for y = 0, 1, 2 then make a test of D(0) .  If D(0)  
is rejected when it is greater than 2 cps different from 
predicted, less than one-fourth of the data would be re- 
jected based on simulating the method below. This 
checking could be done on a computer by keeping three 
auxiliary series cl, cz, and c3, defined as follows: 
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f o r i =  - N ,  . . . , O , .  . . ,N.Theestimateforthemean 
value M (0) is 

and for R ( Y ) ,  

h 1 
R ( 0 )  = - cI ( i )  - G2(0) (Mlb) 2N + 1 j = - N  

N A 1 h 
R ( l )  = - Z ~ ( i )  - M2(0) (m) 2N + 1 j = - N  

for y = 0, 1, and 2, respectively. 

With the solution of the two following equations [de- 
rived from Eq. (IS)] for c = 0 and + l 

Three checks of D ( 0 )  can be made using two other 
points. These are: 

D ( 0 )  = M(O)( l  - E - E )  + F I D ( - l )  + z D ( - 2 )  

D (0) = M ( O )  (1 - Is, - Is2) + BID (1) + ED (2) 

A 

(224 

(22b) 

(224 

A A A  A 

A 
D ( 0 )  = M ( 0 )  +% [D(-1)  - D(1)] 

for the three main tests using two points. 

The rejection criterion would be in terms of what the 
ODP could tolerate as a possible egor. p n  poing of 
D ( i )  are missing to compute (0), R (0), R (l), and R (21 
it is possible to assume the missing points were zero 
and average in Eq. (20) by t h ~  number of points ob- 
served, or in the case of a (0), R (l), and ff (2) it is POS- 

sible to use a priori estimates of p(1)  and p(2).  This 
approach also needs points surrounding D ( 0 )  to make 
a test; but if there are none due to bad transmission con- 
ditions, it is probably best to reject D (0) also. 

c. Description of ezpm'ment to test statwnarity and 
continuity of spectrum. The basic idea of the test of 

stationarity was to take simulated tracking data that 
might be observed and difference this data with what 
could have been the available predictions. This was ac- 
complished by perturbing the initial conditions of a set 
of predictions to get simulated tracking data. The amount 
the initial conditions were perturbed was taken to be 
as large as possible without eliminating possibility of 
success of a flight to the Moon. The data used was from 
the early part of a flight, just after injection, when doppler 
rates would change the most. The mean value was re- 
moved from the differenced time series D ( i ) ,  and the 
normalized correlation function B ( y )  was computed. It 
was found that, for an assorted collection of launch azi- 
muths and launch days, the correlation function ?cy) 
fell into the two classifications needed in a test of sta- 
tionarity: $"(u) z 0 if y # 0 and if y # 0, then + ( y )  was 
approximately the same for the rest of the launch azi- 
muths and launch days. In fact, 341 correlation functions 
that were in the second classification have the following 
averages and variances: 

p (1) = 0.936 u2 = 0.011 

u2 = 0.010 

p (3) = 0.868 u2 = 0.013 

p (4) = 0.822 u2 = 0.014 

p (5) = 0.771 u2 = 0.024 

p (6) 0.714 u2 = 0.034 

p(2)  = 0.911 

This variance would be considered high since a worse 
case was taken in generating the data, and long periods 
of time were used, but they lent considerable weight to 
the hypothesis that the difference time series acted like 
a stationary time series. A statistical test of stationarity 
with a known distribution is yet to be developed. The 
system noise was not considered in the test. The tech- 
niques used were so gross that only blunder points would 
have any effect. 

The test to see if the spectral distribution function 
was absolutely continuous was made on actual tracking 
data by computing the spectral distribution function and 
comparing it with an integrated spectral density function 
(Ref. 6). The main comparison tests were a sign test, and 
a x2 (Ref. 7). Tested in the range between 30 cycles/hr 
(the Nyquist frequency) and Va cycle/hr, the spectral dis- 
tribution was absolutely continuous. In the range between 
dc and % cycle/hr, the tests were inconclusive due to prob- 
lems in techniques. This means that, in batches of tracking 
data of less than 2 hr in length, it was impossible to 
detect any pure sine functions. 

1 7  
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There is, at present, extensive work being carried out 
to improve the techniques of computing and testing both 
the correlation functions and their spectrums. These im- 
proved techniques are needed to make further tests to 
the main assumptions before autoregression is committed 
for real-time use. 

C. Mariner C 100-kw Transmitter 
I .  Klystron Amplifier Subsystem 

It  has been determined that under certain conditions 
it will be necessary to have a ground transmitter power 
of 100-kw continuous wave (CW) in the Mariner C oper- 

"'-1 
AT 2388 Mc\\ i 

FLOOR OF CONE 

OUTSIDE OF THIS LINE THE 
SYSTEM IS THE SAME AS 

'1. 
* x  

3 ' 3  

-(COAXIAL CABLES 
FOUR) 

Z32 k v  

1 8  

Y 

ation. At the present time, a complete 100-kw CW trans- 
mitting sysem at 2388 Mc is in operation at the Goldstone 
Venus site and has been in use since mid-January 1963 
in planetary radar experiments. To meet the Mariner C 
requirements, it was decided to furnish a 100-kw CW 
klystron amplifier subsystem in the frequency range of 
2100 to 2130 Mc designed to be a direct replacement 
for the 2388-Mc klystron amplifier subsystem. It was fur- 
ther decided that, in order to increase reliability, a second 
100-kw amplifier would be provided in the subsystem 
with the provisions for rapid transfer from one amplifier 
to the other. 

A functional block diagram of this 100-kw subsystem 
is shown in Fig. 1. The RF switch will allow either trans- 
mitter to be connected to the antenna feed, and either 
transmitter may be operated into the RF water load. 
The RF cable from the exciter and those to the RF moni- 

x A ,r-RF SWITCH 

VALVES 

B O R  OF CONE 

I I 

- - AN SWIVEL JOINT - FITTINGS C INLET - 
------- L 

FROM COUNTERWEIGHT CABINET 
FROM WRAPUP 
FROM WRAPUP 

Fig. 1. 100-kw installation for Mariner C 
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tor meters will be transferred from one amplifier to the 
other by means of switches as will the beam voltage. 
The three control cables will be manually connected by 
means of multi-pin connectors to the amplifier in use. 
Safety interlocks on the high-voltage and coaxial switches 
and trace wires in the control cables will prevent acci- 
dental cross-connecting of the amplifiers. The coolant 
may be directed to either amplifier or allowed to flow 
through both amplifiers to prevent freezing and to main- 
tain the nonoperating amplifier in a preheated condition. 

The antenna feed cone layout is shown in Fig. 2. This 
completely assembled cone will be directly replaceable 

A+ 
FLOW METER 

CENTERLINE 
OF KLYSTRO 

A 4  

RF SWITCH7 I 

rCONE DOOR 

with the 2388-Mc feed cone that is now on the 85-ft 
Az-El antenna at the Venus site. 

The fabrication and assembly of the amplifier subsys- 
tem are presently under contract negotiation. The docu- 
mentation of the complete 100-kw system at the Goldstone 
Venus site (Ref. 8)  has progressed to the point that this 
l 0 0 - k ~  amplifier subsystem for Mariner C will be pro- 
cured from prints on a fixed price basis. These new ampli- 
fiers will incorporate improvements which have been 
developed as a result of 1-yr operating experience on 
the original 100-kw, 2388-Mc amplifier. 
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ANTENNA FEED 
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Fig. 2. Con layout of two 100-ku omplifi rs 
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IV. Research 

A. Ground Antennas 
I .  Boresight Calibrations for DSIF Antennas 

a. Summary. Development is proceeding of practical 
techniques for using radio star sources to boresight the 
DSIF ground antennas. In Ref. 1, results from the use 
of a drift curve method for obtaining boresight errors 
were given. The method used digital recording and digi- 
tal computer processing of the drift curve data. More 
recently, boresight measurements on radio sources have 
been made using different operational techniques. The 
measurements were made on the 85-ft Az-E1 antenna 
at the Venus site. The radio source was continuously 
tracked using an ephemeris angle drive tape to slave the 
antenna to the precise computed angular location of 
the source. If the drive tape did not steer the antenna 
exactly on the source, angular offsets were inserted until 
it did. The offsets required determine the boresight error. 
In Ref. 2, results obtained by using both optical and 
radio stars were presented. It was found that the eleva- 
tion angle errors were cyclic with a peak-to-peak ampli- 
tude of 0.035 deg. These errors were ascribed to the 
elevation angle readout system. Recently, the elevation 
encoder has been replaced and the cyclic error has been 
eliminated. Results of the radio source and some optical 
source measurements are reported; on the basis of these 

and Development 

data, the antenna was realigned and a few additional 
verifying tracks were made. 

b. Recent work. In Ref. 2, a series of optical and radio 
frequency star tracks was presented. These star tracks 
were obtained by plotting azimuth and elevation bore- 
sight errors as a function of elevation angle. Figs. 1 and 2 
show an optical and RF star track as presented in Ref. 2. 
A striking feature of these plots is the excellent agreement 
of the phase and amplitude of the cyclic elevation error 
as determined for the radio and optical star tracks. This 
cyclic error was interpreted as an elevation encoder 
defect. 

After an examination of these data, it was decided to 
replace the elevation angle encoder unit. The original 
unit was removed and measured on the bench with a 
divider head. The results are plotted in Fig. 3; the peak- 
to-peak error is about 0.05 deg. Although the bench data 
are considerably more noisy than data obtained on the an- 
tenna (Figs. 1, 2) a careful comparison of Fig. 3 to these 
figures shows close agreement in the phase of the eleva- 
tion error with elevation angle. 

A new elevation encoder unit was prepared and in- 
stalled on the antenna. Figs. 4 and 5 show the elevation 
error as a function of elevation angle as measured on the 
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Fig. 

ELEVATION ANGLE, deg 

Optical star track boresight errors for Aldebaran 
before elevation encoder replacement 

ELEVATION ANGLE, deg 

Fig. 2. Radio star track boresight errors for Cassiopeia A 
before elevation encoder replacement 
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Fig. 4. New binary elevation encoder measured on divider head 

ELEVATION ANGLE, deg 

Fig. 5. New decimal elevation encoder measured on divider head 

divider head for the new binary and decimal encoders. 
The peak-to-peak error is 0.02 deg. 

After installation of the new encoders, a series of RF 
and optical star tracks was performed. Figs. 6 and 7 
are plots of elevation and azimuth errors as a function 
of elevation angle. Fig. 7 was obtained from the optical 
source Aldebaran and Fig. 8 was obtained from the radio 
source Crab Nebula. The cyclic error in elevation has 
been removed with the use of the new encoder. The 

shapes of both radio and optical error curves are quite 
similar, but the bias offsets are different due principally 
to an offset in the TV camera reticle. The slightly larger 
peak-to-peak error in optical boresight, as compared to 
RF, may be due to a much longer effective time constant 
of the R F  measurements as compared to the optical. After 
examining many optical and R F  star tracks, it was decided 
to reposition the shaft encoder -0.012 deg in azimuth 
and +0.005 deg in elevation. Following the encoder 
adjustments, the TV camera reticle was readjusted 
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Fig. 6. Optical star track boresight errors for Aldebaran 
after encoder replacement and before bias reset 
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Fig. 7. Radio star track boresight errors for Cassiopeia A 
after encoder replacement and before bias reset 
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-0.008 deg in azimuth and -0.070 deg in elevation. 
The corrections were made December 18,1963 and more 
star tracks are being conducted. Figs. 8 and 9 are initial 
data on boresight errors after the corrections from the 
same sources that were used in Figs. 6 and 7. 

2. Antenna Instrumentation 

a. Summary. A transportable instrumentation system 
is being developed for use in research and development 
testing of the structural and mechanical properties of 
large ground antennas. It will be used initially on the 
30- and 85-ft antennas, and later on the 210-ft-diameter 
Advanced Antenna System (AAS). In addition to devel- 
oping the necessary instrumentation for making measure- 
ments on the future 210-ft AAS, the data derived is 
continuously applied to validate the design analysis tech- 
niques being employed in the AAS Project. There is 
a detailed description of the instrumentation system in 
Ref. 3, and progress reports in Refs. 4 and 5. The system 
was first used for structiiral and thermal testing con- 
ducted as part of the 85-ft Az-El antenna resurfacing 
work during July and August 1963. Preliminary results 
appear in Ref. 6. Additional equipment has been added 
to the instrumentation system. Further measurements on 
the 85-ft Az-El antenna are planned 

b. Recent work. Critical antenna time prevented any 
extensive structural testing of the Az-El antenna after 
the resurfacing operations in August; this testing is sched- 
uled throughout January 1964. The low-speed data scan- 
ning system in the instrumentation system will be used 
with the addition of a special scanner to monitor the 
wire span temperatures of the extensometers; this will 

0.020 

0 

-0.020 
0 '0 

i 
-0.040 

Fig. 8. Optical star track boresight error for Aldebaran 
after encoder replacement and bias reset 

Fig. 9. Radio star track boresight error for Cassiopeia A 
after encoder replacement and bias reset 
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provide temperature correction as part of the data scan 
program information for the data analysis. 

-4. F!exowriter h2s been added to the system to permit 
simultaneous automatic on-line printing of the scanned 
data and punching of the paper tape. Also, using the 
Flexowriter, hand-logged data and instructions can be 
coded onto the tape and printed records. In addition, 
the Flexowriter will permit typing out of data from the 
punched tape for later verification. 

The following series of tests will be conducted on the 
85-ft Az-El antenna during the January 1964 series of 
tests: 

(1) Extensometer deflection tests of the reflector struc- 
ture. 

(2) Extensometer deflection tests of the quadripod and 
subreflector. 

( 3 )  Continuous recording tests of key extensometer 
positions for all reflector elevation angles. 

(4) Reflector panel surface accuracy measurements 
using an automatic surface template sensor arrange- 
ment for zenith position. 

(5) Reflector panel support point accuracy measure- 
ments using all attitude theodolites at various ele- 
vation angles. 

(6) Vibration measurements to derive additional en- 
vironmental data for reflector mounted electronic 
equipment. 

3. Radio Frequency Interference Tests 

a. Summary. A fluorescent light fixture with radio fre- 
quency interference (RFI) shielding has recently become 
commercially available. S-band RFI tests were conducted 
at the Venus site to determine the shielding effectiveness 
and the noise level to be expected. It was found that the 
shielded fixture provides approximately 15-db decrease 
in interference when compared to the nonshielded flu- 
orescent light measurements reported in Ref. 7. The 
shielded light (160-w unit) should not increase the sys- 
tem noise temperature by more than 0.02OK when illumi- 
nating an isotropic sidelobe at a distance of 50 ft. 

The use of a dc tachometer in place of similar ac 
devices for rate feedback in the antenna servo systems 
is being considered. One possible problem is radio noise 
generation by the dc tachometer. An Inland direct current 
tachometer No. 8001A was tested. The tachometer noise 

level was below the threshold; an estimate of the upper 
limit of interference in an operational situation would 
be approximately O.l°K. 

b. Recent work. The radio frequency interference level 
was measured by mounting the test component on the 
mobile servicer and placing it directly in front of the 
Cassegranian hyperbolic subreflector of the Venus site 
85-ft antenna. Fig. 10 shows the configuration with the 
dc tachometer being tested. Although the experimental 
setup is less than perfect, it was the only instrumentation 
with adequate sensitivity currently available to us. The 
structure of the servicer boom not only deteriorated the 
noise temperature from approximately 30 to 80°K, but 
also increased the system temperature instability to ap- 
proximately rt5OK. This increase in temperature insta- 
bility was due to the changes in sidelobe structure 
produced by the mechanical motion of the servicer boom 
in the 20-mph winds which occurred during the tests. 

Fig. 10. Measurement of tachometer using 
Venus site antenna 

The 160-w fluorescent light fixture illustrated in Fig. 11 
produced a maximum increase in system temperature of 
33 25OK. This was using a 22-db horn (the Cassegranian 
feed horn in the 8543 reflector), at a distance of approxi- 
mately 16 ft. If one were to assume that all antenna 
sidelobes that a fluorescent light was likely to illuminate 
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Fig. 11. Shielded fluorescent fixture 

would be of isotropic gain or less, then at 16 ft a flu- 
orescent light in the sidelobe would not produce more 
than 0.2OK increase in antenna temperature. This tem- 
perature would fall off with the inverse square of the 
distance, so that at 50 ft the increase in antenna tempera- 
ture would be less than 0.02OK. 

If one converts to effective radiated power by assum- 
ing that the fixture radiated as an isotropic radiator, then 
at S-band the radiated power would be -152 dbm/cps. 
If this is compared to the experiment discussed in Ref. 7, 
the effective radiated power for two 15-w fluorescent 
tubes was found to be -144 dbm/cps. If it is assumed 
that the radiated power is proportional to the input 
power, then we derive an equivalent unshielded level 
of -137 dbm/cps for a 160-w unshielded lampset, so 
that the fixture provides approximately 15-db decrease 
in interference. In recomputing the flux density produced 
by the fluorescent lamps, Table 1, p. 23 of Ref. 7 was 
found to be in error. The corrected table is presented as 
Table 1. 

The tests of the dc tachometer were run by driving 
the tachometer with an ac motor. The largest effect 
seemed to be the mechanical instability of the mobile 
servicer. However, there were switching transients ap- 
parent, but they seemed to be associated with the motor 
rather than the tachometer. These transients were less 
than 15OK. By using the same reasoning as in the case 
of the fluorescent light, the tachometer should not pro- 
duce more than O.l°K increase in the system temperature. 
The tachometer was tested with an open circuit and a 
half wave dipole. 

The tachometer was then moved from the hyperboloid 
to the antenna alidade, and changes in the system tem- 

Table 1. Results of automotive noise on low-noise 
radiometric experiments (corrected Table 1 from 

Ref. 7, p. 231 

I Maximum 
Source temperature 

1954 Jaguar 120 
1958 Volvo PR444 
1962 International Pickup Truck 
1962 Ford Falcon (six cylinder) 
1959 Ope1 
1956 Ford Station Wagon 
1963 Parsche 
1959 Renault Dauphine 
1960 Rambler Wagon (six cylinder) 
1957 MGA 

Fluorescent light (two 15-w tubes) 
Horizontal 
Vertical 

38 
7 
6 
6 

Below threshold 
10 
3 

87 
4 

1 0 0  

12 
36 

2 . 3 8 4 ~  flux 
increase at 50 ft, 
- dbm/ctar/m' 

178.5 
185.9 
186.6 
186.6 

184.3 
189.6 
174.9 
188.3 
174.3 

183.5 
178.8 

perature were looked for; no changes of greater than 
0.02OK were caused by turning the motor and tachometer 
on and off. 

4. 30-ft Antenna Reflector Calculations 

a. Deformations of reflector structure from gravity loads. 
Rdsume'. The reflector panels of the Goldstone Venus 

site 30-ft antenna were set to a paraboloidal shape at 
zenith look using optical tooling means. The change in 
shape caused by the directional change of gravity force 
when the reflector was rotated to horizontal look was then 
measured. This presented an opportunity to check the 
measured deformations against the computed deflections 
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using the STAIR Computer Program. The resulting com- 
puted deflections compared within reasonable tolerances 
with the field data with the exception of one joint; this 
is being investigated. This work is applicable to valida- 
tion of the AAS design analysis techniques. 

Recent work. At the completion of the 30-ft antenna 
erection, the manufacturer (Rohr Corporation) set the 
reflector panels, using optical tooling means, to a parabo- 
loidal shape at the zenith look position. The measure- 
ments were repeated at the horizontal look position, and 
the changes were recorded as deformations of the reflector 
structure for the 90-deg rotation of the gravity force. The 
apparent motions at right angles to the optical instrument 
lines of sight were-converted t o a n  equivalent motion 
parallel to the symmetrical axis of the paraboloid. 

The availability of the field deflection measurements 
made it possible to check the deflections as calculated by 
the STAIR Structural Computing Program. To do this, 
the structural data were obtained from the manufacturer 
and inputted into the 7090 STAIR Program for computing 
the deflections for all joints of the structure on the 
reflector assembly side of the elevation bearings. This 
assembly consisted of the dish structure and the elevation 
wheel assembly, i.e., the tipping parts. 

The STAIR Computing Program was programmed to 
compute the gravity of-on case for both the zenith look 
and the horizontal look positions. To directly compare 
the computed deflections to the field readings, the third 
case which algebraically subtracted the zenith look grav- 
ity of-on deflections from the horizontal look gravity 
of-on deflections was computed. These third case deflec- 
tions should correspond to the field deflection numbers 
where the panels are set at zenith look and the deforma- 
tions are measured at horizontal look position. 

Fig. 12 shows the positions of the joints of the dish 
structure. The differences between the measured field 
data and the STAIR computed data are shown in Fig. 13. 
All deformations are plotted as deviations measured nor- 
mal to the surface of the best fitted paraboloid. 

In order to reduce the field and the computed data to 
the above described plotted numbers, both deflection 
data were inputted in the JPL RMS 7090 Computer Pro- 
gram, which computes the normal and path length error 
of each deflected joint to the best-fitted paraboloid as well 
as the root-mean-squared (rms) summation of all the 
path length errors. 

Fig. 12. Joint numbering plan, 30-ft reflector 

As Fig. 13 shows, the deflections of the structural joints 
measured as normal deviations to the best-fitted parabo- 
loid compares within 0.015 in. except for one joint where 
the difference is about 0.040 in. At the moment, the cause 
for this larger Merence at the particular joint is believed 
to be that the actual structure is sensitive in the area. The 
basis for this may be seen in the measured horizontal 
look deflection pattern of the antenna (Fig. 14); the con- 
tour lines are very close together in the region of the 
joint 4A where the 0.040-in. difference between measured 
and calculated is observed. Further studies will be made 
to try to resolve this question. For additional data, the 
paraboloid was best-fitted to the horizontal look gravity 
of+ case, and the error for this same one joint was 
0.012 in. as compared to 0.006in. error for the largest 
error of the remainder of the joints. The rms of one-half 
the path length errors to the best fit paraboloids caused 
by the deflections compared exactly at 0.012 in. for both 
the field data and the STAIR computed deflections. 
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Fig. 13. Calculated and measured errors of 30-ft reflector 

5. 85-ft Az-El Antenna, Reflector Resurfacing 

(I. Summary. In SPS 37-24, Vol. 111, it was noted that 
the text for Fig. 3 in SPS 37-23, Vol. 111, p. 7, was incor- 
rect. The text discussed briefly work on resurfacing the 
reflector of the 85-ft Az-El antenna at the Goldstone 
Venus site. 

The development of the panel mounting assembly for 
the new reflector surface is described; Fig. 3 of SPS 37-23 
is presented in this volume as Fig. 18. 

b. Discussion. The contract for resurfacing the 85-ft 
Az-El antenna required a new design of the panel mount- 

20 
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ing clip. Various concepts were presented to JPL during 
the preliminary design phase. The specification required 
a design which would: 

(1) Provide a panel mounting device whereby the 
panels would not contribute to the rigidity of the 
antenna structure. 

(2) Minimize the effect of temperature differentials 
between the reflector surface and the reflector 
backup structure. 

(3) Provide adjustment for panel positioning along the 
normal to the reflector surface. (The contractor’s 
design provides for plus and minus 0.500 in.) 
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WIND DIRECTION: 2 7 0  deg AZIMUTH 
VELOCITY: 5-7 mph 

AMBIENT TEMPERATURE: 54°F 
STRUCTURE TEMPERATURE: 52-57OF 

0 BORESIGHT TELESCOPE PLAN VIEW-REFLECTOR 

Fig. 14. Contour map of deadload deflections a t  5-deg 
elevation as a change from a perfect paraboloid set 

at 90-deg elevation 

(4) Provide the capability of adjustment from the re- 
flector front surface. 

The design accepted by JPL, after extensive experi- 
ments and laboratory testing, is shown in Figs. 15, 16, 
and 17. Various classes of surface treatment for the face 
of the panel mounting plate were studied. The surface 

Fig. 16. Panel mounting clip assembly 

Fig. 15. Panel mounting clip components 
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Fig. 17. Panel mounting clip secured to support structure 

treatment is to provide an allowable thermal growth dif- 
ferential between the surface panels and the reflector 
backup structure. A Teflon coating was determined as 
the best surface treatment to provide this action. 

The panel installation, as shown in Fig. 18, is controlled 
during the assembly to specific torque values at the bolted 
joints to restrain the panel for location at one comer 
and to allow thermal differentials to act at three corners. 
Fig. 18 shows one set of panels secured in place to dem- 
onstrate that every joint can be made with proper panel 
gap and X, Y, and Z coordinates established. 

The installation of the new surface has been completed 
and initial mechanical (acceptance) tests have been made; 
the resurfaced antenna has been used in the experimental 
planetary/lunar radar work this Fall, and gain has been 
measured with the interesting result of approximately 
0.4-db gain increase as compared to the old surface 
(Ref. 6). Additional mechanical measurements on the 
85-ft antenna surface and structure are planned. (See 
Sec. IV-A-2, “Antenna Instrumentation,” of this issue.) 

30 

Fig. 18. Panels secured to reflector structure 

B. Planetary Radar Project 

I .  Water Rotary Joint for Az-El Antenna 

a. Summary. A high-capacity rotary joint was devel- 
oped to carry cooling water for the high-power transmitter 
across the azimuth axis of the 85-ft Az-El antenna. In 
Ref. 8, the final installation and testing were discussed. 
This report covers the joint performance. 

b. Discussion. The carbon face seals used in the design 
of the rotary joint should seat after a period of operation. 
This length of the seating period is a function of rubbing 
velocity and temperature fluctuation. Normally carbon 
face seals are used in water pump applications where 
the rubbing velocity and duty cycle is high; a few days of 
operation in a pump application is equivalent to many 
years of use in the rotary joint. It is expected that the 
seating period for the rotary joint seals should be many 
weeks or even months. 
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Fig. 19 is a graph of the rotary joint leakage rate for 
the past 3 mo. The leakage rate depends upon the oper- 
ating conditions of the transmitter and the antenna, which 
vary from day to day, and are believed to account for 
the variations from a smooth curve of the leakage rate. 
The volume of water leaking across the faces appears to 
be reducing; it is believed that the seals are seating in 
properly. 

2oh 

1963 

Fig. 19. Rotary joint leakage 

2. High-Power 100-kw S-Band Transmitter 

a. Introduction. The high-power (100 kw) experimental 
2388-Mc transmitter at the Goldstone Tracking Station 
(GTS) Venus site was described in Ref. 9. It has now been 
installed for approximately 1 yr and, during this time, 
the expected number of problems and deficiencies was 
encountered. Many of these have been corrected, and the 
transmitter is now operational at a full 100 kw. A con- 
tinuing program of test and rework is being carried on 
with the objectives of increasing reliability, simplifying 
and improving operating controls with an ultimate objec- 
tive of automatic machine control, developing and testing 
new techniques, and increasing the output power to the 
full capability of approximately 500 kw. Three specific 
areas of this work are reported in this issue. 

b. Series limiter. The series limiter is a component of 
the high-power transmitting system in use at the Venus 
site, GTS. Its function is to limit the beam current drawn 
by the klystron RF power amplifier in the event of an 
internal arc in the amplifier. Microwave power klystrons 
frequently have internal arcs during initial phases of oper- 
ation and occasionally thereafter as a result of outgassing. 
Current-limited arcs are less destructive to the tube. 

A water-cooled triode, connected as a diode, with an 
emission-limited cathode, is used in the series limiter. 

Emission limiting is accomplished by lowering the fila- 
ment voltage. The filament supply is a three-phase, 400- 
cps, Variac-controlled, solid-state rectifier device. The 
tube filament is rated at 25 v, 650 amp. The maximum 
plate dissipation of the triode is 150 kw. 

The limiter was tested to determine if it would hold the 
current constant for wide ranges of beam voltage and 
to ensure that the triode had not become gassy. The fila- 
ment voltage was adjusted to limit the beam current to 
2.1 amp, and the beam voltage was varied from 10 to 40 
kv. This beam current was selected so as not to approach 
the rated plate dissipation of the triode. The results are 
shown in Fig. 20. No internal arcing occurred, demon- 
strating that the tube was free from gas. 

BEAM VOLTAGE, dc kv 

Fig. 20. Series limiter characteristics (approximately 
14.7 v on filament) 

In a second test, the filament voltage was varied in 
steps to determine the proper operating point for use with 
the VA-858 klystron. At 1 0 0 - k ~  RF output power, the 
klystron beam voltage is 31.5 kv and the beam current 
is 8.2 amp. A 6-kv voltage drop was maintained across 
the series limiter. Fig. 21 is a plot of the results. 

c. Measurement of incidental phase modulation. Inci- 
dental phase modulation (IPM), produced by a klystron, 
traveling wave tube (TWT), or triode microwave ampli- 
fier causes spurious components in the output signal. In a 
klystron, IPM usually results from ripple on the beam, 
filament, and focus magnet supplies; in a TWT, from 
ripple on the helix voltage; and in a triode, from plate 
voltage ripple. 

Measurement of IPM is difficult due to the small 
amount of modulation permitted; for instance, IPM = 1 
deg peak-to-peak maximum for the lOO-kw, 2.388-Gc 
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SERIES LIMITED FILAMENT VOLTAGE, dc 

Fig. 21. limiting characteristics, series limiter with 
plate-cathode voltage constant at 6 kv 

klystron amplifier. With the best available voltage con- 
trolled oscillators used in a phase-locked receiver, where 
Zp,,, = 5 cps, the total system phase instability with the 
receiver locked to the transmitter exciter is 2.7 deg rms 
at a strong signal level. This would mask the IPM pro- 
duced by the klystron amplifier. A more sensitive circuit 
for measurement of IPM has been tested and is being 
packaged in a shielded case for field use. The residual 
noise instability of this circuit is 0.039 deg peak-to-peak. 
A functional block diagram of the circuit is shown in 
Fig. 22. -4 common local oscillator chain supplies two 
coaxial balanced mixers. A portion of the input signal to 
the microwave amplifier under test is coupled into one 
mixer through a directional coupler. Similarly, a part of 
the output of the device under test is applied to the other 
mixer. The two signals are each heterodyned to 30 Mc, 
amplified, and compared in a phase detector. The phase 
shifter serves to calibrate the measurement device and to 
zero out fixed phase shifts in the system. The output of 
the detector is recorded as shown. 

Fig. 23 shows the graphic recordings for several tests. 
Fig. 23(a) shows the 0.027-deg peak-to-peak residual 
instability in the measuring system when the signal gen- 
erator was fed into both mixers simultaneously, through 
couplers and isolators. Fig. 23(b) shows the results ob- 
tained (0.039 deg peak-to-peak) when a TWT under test 
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was fed into both mixers, with the output of the signal 
attenuated to the same level as Fig. 23(a). Thus, the 
residual instability is to a small degree a function of the 
driving source IPM; however, it is not directly propor- 
tiona1,as the TWT IPM is more than 10 times that of the 
signal generator. Fig. 23(c) shows the IPM of a triode 
under test, and also includes a calibration curve obtained 
by manually operating the phase shifter. Fig. 23(d) shows 
the IPM of the TWT. 

d. Klystron filament supply. The system reliability of 
the high-power transmitter has been degraded as a result 
of repeated failures in the klystron filament supply. The 
malfunctions were due to insufficient capacity of the 
circuit components, such as the solid-state rectifiers, and 
the voltage breakdown of the filter inductor and power 
transformer. 

Recently, a new rectifier assembly has been designed 
and built. This unit (Fig. 24) has an adequate full-wave 
solid-state rectifier, special input surge-protection capaci- 
tors, and two shunt diodes for output surge-current pro- 
tection. These protective diodes prevent current surges 
from damaging the klystron filament or the rectifier 
assembly. Since the assembly must operate at voltages up 
to 55,000 v dc (Fig. 25), the cylindrical brass housing is 
designed to minimize corona and to protect the internal 
circuit from arc discharges to ground that might other- 
wise occur. 

The filter choke for the klystron filament supply is a 
separate unit from the rest of the power supply. In the 
original design, the mounting structure and core of 
the choke were at ground potential which required 
that the winding insulation withstand the full high volt- 
age. In the new design, the choke is enclosed in a corona 
shield and operated with the core at the high voltage. 
The winding insulation must now stand only the filament 
voltage; the high voltage is withstood by the standoff 
insulators. The resulting unit is much more reliable and, 
since an inexpensive choke can be used, is less expensive 
than the original unit (Fig. 26). 

3. Mod IV Planetary Radar Receiver-A Note 
on Reliability 

The Mod IV planetary radar receiver (Ref. 10) has 
been operated for more than 7400 hr since November 
1962. During this period, no vacuum tube failures were 
experienced Some measure of credit for this performance 
may be attributed to the tube selection and aging pro- 
gram,which was instigated prior to construction of the 
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Fig. 22. Functional block diagram incidental phase modulation (IPMI test unit 

receiver. Briefly, the program consisted of aging lots of 
100 tubes at a time under dynamic conditions, for 100 hr 
in a '%urn-in" rack. Periodically, the tubes were removed 
from the rack, their characteristics measured on a Weston 
tube tester, then restored to the rack. Only those tubes 
with normal transconductance, and which exhibited only 
slight changes in characteristics during the aging period, 
were returned. The receiver uses a total of 68 No. 5702 
tubes and 17 No. 5639 tubes; only these two types 
were aged. 

In this receiver, the tubes are operated at a plate volt- 
age of 120 v. In previous systems, a plate voltage of 150 v 
was used, which is only 5 v below the maximum rating 
of the tubes. It is thought that the lower voltage may 
increase the reliability and tube life. 

The receiver is more stable and drift-free than the 
previous model, This is partially due to the use of higher 

stability oscillators and operational amplifiers, and im- 
proved filtering and isolation. The only adjustments 
required after 5 mo of operational use were small correc- 
tions in the output frequencies of the free-running third 
local oscillators of the radiometer channels. 

The equipment was installed at the Venus site, Gold- 
stone Tracking Station in June 1963, following an exten- 
sive evaluation period at the Laboratory. It has been 
used almost constantly since August 1963 for planetary 
and lunar radar studies. 

4. Nine-Channel Autocorrelator 

A nine-channel autocorrelator is currently being con- 
structed for use with the planetary radar receiver located 
at the Venus site in Goldstone, California. This instru- 
ment is a real-time device for processing the reflected 
signal from a planetary surface. 
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Fig. 23. Test results, incidental phase modulation 

a. Function. The received radar signal may be con- 
sidered to be a summation of individual signal compo- 
nents each reflected from a different geographical zone 
on the planet. These planetary zones are defined by their 
relative distance from Earth. Thus, the closest zone is the 
front cap of the planet; the second zone is an annular 
ring adjacent to the front cap; the third zone is a con- 
centric annular ring adjacent to the second zone, etc. 
The mean distance of each zone is a given number of 
miles farther from Earth than the nearer adjacent zone. 

i 1 

Fig. 24. Klystron filament rectifier assembly: 
(a1 assembled and (b) disassembled in preparation 

for making external connections 

Fig. 25. Filament rectifier assembly and filter choke 
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It is the function of the nine-channel autocorrelator to 
resolve the received signal components from nine adja- 
cent geographical zones and accumulate the autocorrela- 
tion funrtior, fer each signa! mrnpnnent in a separate 
channel. Information from each channel accumulator is 
fed to an off line, general purpose, stored program digital 
computer which then computes the power spectrum of 
the reflected signal from each of the nine planetary geo- 
graphical zones. 

When it is installed, the nine-channel autocorrelator 
will replace the current method of first recording the total 
received signal on magnetic tape and then successively 
replaying the tape for each zone desired. The current 
method consumes a prohibitive amount of time when 
long receiving periods and small zone distances are used. 
Coarser zone distances permit a savings in time by allow- 
ing the playback speed to be increased with respect to 
the record speed. 

b. Operation. In order to make the return signal resolv- 
able, the transmitted signal is modulated by a pseudo- 
noise (PN) code. Each reflected signal component is thus 
modulated by the same PN code, but the phase of the 
code is proportional to the signal time-of-flight to its 
geographical zone. Signal components from adjacent 
zones will have their modulating codes displaced in phase 
by exactly 1 code bit. Thus, a code bit rate of 1000 bits;sec 
will define a zone 93 mi in depth. Higher code rates will 
define narrower zones. 

Fig. 26. Filament choke assembly: (a) with cover 
attached and (b) cover removed showing terminals 

for external connections 

The property of a Ph’ code is such that when the 
received signal is multiplied by the same PN code, all 
out-of-phase signal components remain wide-band. where 
they are suppressed by filtering, and only the in-phase 
component is demodulated into a narrow-band. Accord- 
ingly, each channel in the nine-channel autocorrelator 
starts by multiplying or demodulating the received signal 
with a different phase of the PN code. The remainder 
of the channel is used to compile the autocorrelation 
function of the separated signal component as is described 
in Ref. 11. 

c. Block diagram. Fig. 27 is a block diagram of the 
nine-channel autocorrelator. The reflected signal is re- 
ceived and amplified by the main body of the planetary 
radar receiver, and transformed to an intermediate fre- 
quency of 15,625 cps. This IF signal is fed to the demodu- 
lators of each of the nine channels. The demodulator is 
essentially a phase switch which passes the signal either 
normally or inverted according to whether the demodu- 
lating PN code is one or zero. Although the input signal 
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Fig. 27. Nine-channel autocorrelator 

to the demodulator is relatively wide-band because of 
the PN modulation, the output from the selected zone has 
no PN modulation, and therefore has a relatively narrow 
bandwidth. 

The demodulated zone signal is passed through a nar- 
row band-pass filter to prepare the signal for its subse- 
quent processing. Maximally flat multipole filters are used 
to prevent altering the shape of the signal spectrum. 
Matched sets of filters are used with bandwidths ranging 
from 400 to 25 cps. The filtered signal then goes to the 
limiter which selects the sign of the signal, thus convert- 
ing the signal to a two valued quantity. 

After the limiting process, the signal is sampled at a 
frequency whose period is determined by the bandwidth 
of the filter used, and is manually set by front panel con- 
trols. The minimum period is limited by the accumulator 
access time which is 1020 psec. At  this sampling rate, the 
maximum permissible signal bandwidth, equal to one- 
half the sampling frequency, is 490 cps. The sampling 
period is controllable in steps of 20 psec to a maximum 
period of 20,460 psec. 

The accumulator contains a recirculating delay line 
storage for 50 autocomelation (lag) points plus the lag 
point for zero argument. Each lag point occupies 20 bits 
of binary storage which provides a count capacity of 1.05 
million samples. The total line length is thus 51 lags 
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multiplied by 20 bits per lag or 1020 bits. Since the bit 
rate is 1 Mc, the total recirculation time for the line is 
1020 psec. Fifty lag points allow the derived power spec- 
trum to be resolvable to one-fiftieth of the total system 
band-pass. Table 2 summarizes the design limits of the 
equipment. 

Information in each accumulator is fed by the output 
logic to the stored program computer 1 bit at a time. This 
transfer takes place in response to computer commands, 
and all nine-channels output simultaneously. 

The timing and control block generates the required 
timing signals for logic operation and also controls the 
sampling rate. In addition, the block also interprets and 
executes commands from the stored program digital 
computer. 

Table 2. Summary of design limits of equipment 

Characteristics 

Sampling rate, ramples/sec 

Sampling period, psec 

Bandwidth, cpr 

Resolution, cpr 

Integration time, hr 

Maximum 
sampling rate 

980 

1020 

490 

9.8 

0.29 

Minimum 
sampling rate 

48.8 

20.460 

24.4 

0.48 

5.9 
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The PN generator produces the nine phases of the PN 
code and also contains logic circuitry to permit synchro- 
nization to the PN generator which modulates the trans- 
mitted signal. 

The display logic provides visual indication of the 
contents of any lag point in any channel as selected by a 
front panel control digitswitch. 

5. Central Frequency Synthesizer 

a. Summary. A central frequency synthesizer is planned 
for use at the Venus site to supply all the coherent refer- 
ence frequencies for the present receiver-transmitter sys- 
tem (Mod IV) and the receiver-transmitter system 
(Mod V) for the 30-ft antenna. Considerable reduction in 
equipment is possible by consolidating all the equipment. 
Improvements (such as that all reference frequencies will 
be coherent) will be made in some cases. 

The Mod IV planetary radar receiver contains, as do 
most other phase-locked receivers used by JPL, all the 
necessary reference frequency synthesizers or oscillators. 
In the Mod IV receiver-transmitter system, there are 44 
modules used for the generation and distribution of ref- 
erence frequencies of the required spectral purity, as well 
as 10 modules for the generation and distribution of third 
mixer reference frequencies for various experiments. 

A new receiver, Mod V, is being designed to be used 
with the 30-ft antenna at the Venus site. This receiver 
will be in the same control building as the present re- 
ceiver, Mod IV, and will require a large percentage of 
the reference frequencies that are used in the present 
receiver. Because of a lack of space in the present receiver 
for additional cables, these frequencies are not available 
for use in the new receiver. 

In order to eliminate duplication of the reference fre- 
quency generation equipment, all the synthesis and dis- 
tribution of reference frequencies for the two receivers 
is to be consolidated in a separate subsystem-the central 
frequency synthesizer. This subsystem will supply all the 
common reference frequencies for the two receivers, 
Mod IV and Mod V, and their associated transmitters, 
for operation either at S- or X-band. It will not supply 
third conversion frequencies for use in the various 
planetary experiments since the present equipment is 
adequate in this respect, and these frequencies are not 
needed except for the individual planetary experiments. 

In the process of consolidating the reference frequency 
generating and distribution equipment, considerable sim- 
plification and improvement is possible. For example, the 
455-kc reference frequency will be coherently generated 
from the 1-Mc system standard, using no more modules 
than the present system uses to generate a noncoherent 
reference. 

A block diagram of the central frequency synthesizer is 
shown in Fig. 28. The portion shown above the dashed 
line contains all the necessary frequency synthesis and 
distribution equipment for two S-band receivers. The 
additional equipment below the dashed line is necessary 
for X-band operation. The total number of modules for 
generation of all the necessary frequencies for S-band 
operation and distribution of these frequencies to both 
receivers is 35 as compared to the 44 modules required 
in the present receiver-transmitter system. 

C. Lunar Radar Project 

I .  A Range-Gated Lunar Rudar Experiment 

a. Introduction. In Ref. 12, some of the aspects related 
to the capability and feasibility of a lunar radar experi- 
ment to be conducted at the Venus site at Goldstone were 
introduced. Since the writing of that article, the system, 
as described, has been put into operation, and recent 
results indicate a large measure of success. This article 
describes the system concept in more detail, the program- 
ming of the stored program controller, variation and 
measurement of some system parameters, and calibration 
of the equipment; some of the data obtained from the 
lunar range-gated radar is also presented. 

b. System concept. As discussed in the cited reference, 
experiments with a “tunneled auxiliary antenna mounted 
at the apex of the 85-ft Venus site antenna indicated that 
it was possible to modify the monostatic planetary radar 
system for lunar use. Fig. 29 shows a simplified block 
diagram of the modified system. Here, the large antenna 
is used for transmitting and the auxiliary one for receiv- 
ing, to lower the system noise temperature (using the 
large antennas as the receiver would allow the Moon to 
fill the entire beamwidth of the antenna, and thus raise 
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the system temperature because of the Moon tem- 
perature). 

The control turns the drive on to the klystron for part 
of a round-trip signal-travel time and simultaneously turns 
the receiver off by turning off the local oscillator (LO). 
For the next round-trip time the klystron drive is turned 
off and the LO is turned on (Fig. 30). The system depends 
on the isolation between the antennas to protect the 
maser when the transmitter is on and to reduce the noise 
from the klystron beam to an acceptable level at the 
receiver input when the receiver is on. It was not possible 
to switch the klystron beam with present equipment. The 
performance of the system is, of course, dependent on the 
isolation between the antennas, i.e., how much noise leaks 
into the receiver. The performance also depends on the 
power transmitted since an increase in power transmitted 
not only yields a corresponding increase in power re- 
ceived, but also causes an increase in beam noise. The 
optimum transmitter power to be used was discussed in 
Ref. 13. 

A more detailed diagram of the system appears in 
Fig. 31. During the transmit portion of the cycle, the 
camer is balance-modulated by a pseudonoise sequence 
of length 16,383 (a 14-stage linear shift-register sequence), 
running at a 1-Mc digit rate. Correlation of the return 
during the receive portion of the cycle with a fixed delay 
between transmitter and receiver coders allows only that 
energy in the return originating within a 150-m incre- 
ment, or range-gate, about the distance corresponding 
to the fixed delay to be investigated by the receiver. 
This way, a lunar target can be very accurately analyzed 
in depth. 
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30455 Mc REFERENCE 7 4 5 6 0 5 0  kc R E F E R E N C E 7  . 
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DIFFERENCING 
JUNCTION 

EPHEMERIS p p  
Fig. 31. Two-antenna, klystron drive-keyed, 

CW-lunar radar 

The code period is sufficiently large that the distance 
corresponding to the code length, i.e., 

D = (16,383) (150) m = 2,457.45 km 

is greater than the diameter of the Moon (1738 km). Thus, 
there is no chance that lunar echoes originating from 
gates separated by one code-period are received simul- 
taneously. 

The multiplication portion of the correlation operation 
performed by the receiver takes place in the mixer fol- 
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lowing the preamplifier in the Cassegrain cone on the 
antenna. The output of this mixer has three components: 

A 30-Mc signal proportional in strength to the 
correlation between the received waveform and 
the receiver code. 

A wide-band signal, corresponding to reflected sig- 
nals not in the range-gate setting. 

Noise. 

The first, the 30-Mc component, has in it some com- 
ponent due to carrier leakage-caused by imperfect 
balanced-modulation. The remainder is the information- 
bearing portion. It is a 30-Mc signal whose strength is 
proportional to that part of the transmitted code reflected 
from points on the Moon inside the range-gate. 

The second of these is fiade negligible by narrow-band 
filtering in the third IF amplifier. 

Amplification and filtering finally yield a voltage to a 
square-law device whose output is proportional to the 
received signal power from a particular range-gate, plus 
the instantaneous noise power. Converted to a digital 
series, this output is sampled and integrated (summed) 
by the Mod I11 stored programmed controller (SPC). 

During the final portion of the transmit-receive cycle, 
there is no signal component in the received waveform, 
and so the output of the square-law detector is the instan- 
taneous noise power. The Mod 111 integrates this series 
and subtracts it from the value obtained the previous 
quarter cycle, giving an estimate of the received signal 
level. This information is recorded on both punched 
paper tape and a printed paper tape readout. 
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c. Stored program controller. The Mod I11 SPC which 
controls the experiment is programmed to read a lunar 
ephemeris and, based on this data, to provide all the 
necessary command and control functions for the dura- 
tion of the experiment. During system calibration, the 
Mod I11 is manually operated to test the several operation 
modes to obtain properly set signals for adjusting the 
transmitter and receiver modulators, etc. 

The experiment, then, is under program control of the 
Mod I11 SPC. The ephemeris tape is read every 64 sec, 
and interpolated antenna angles are supplied at 2-sec 
intervals to the digital differencing junction (DDJ) in the 
antenna pointing system. Further, interpolated range 
data from the tape causes the receiver coder to track 
ephemeris range to within 150 m (1 psec). Manual and 
internally programmed range offsets, as well as automatic 
programmed range-gate selection functions, are provided 
by the Mod I11 also. 

A functional flow chart is given in Fig. 32, for the oper- 
ation mode. It may be noted that the receiver and trans- 
mitter coders are resynchronized every transmit period, 
and the program is arranged to run on a m-msec major 
cycle and a I-sec minor cycle. The major cycle performs 
the ephemeris range tracking, sampling of the ADC, inte- 
grating the data, and output functions in such a way 
that the machine never waits for the reader, punch, or 
ADC data. The minor cycle interpolates the pointing 
angles between points furnished to it every 64 sec by the 
ephemeris tape. 

d. Variation of system parameters. As previously men- 
tioned, the fact that the klystron noise leaks into the 
receiver during the receive portions of the cycle raises 
the effective system noise temperature as a function of the 
isolation between transmitter and receiver antennas. 

Experiments recently conducted at the Venus site indi- 
cate that this isolation is dependent on the antenna sys- 
tem orientation, principally due to noise transmitted 
through one of the sidelobes of the transmitting antenna, 
bouncing off of the nearby terrain into one of the receiver 
sidelobes. As shown in Figs. 33 and 34, this effect becomes 
quite serious at elevation angles below 30 to 40 deg. 

With the antenna at zenith, the system temperature 
was measured at several settings of the beam voltage, 
and thus it was possible to compute and plot (Fig. 35) 
the curve relating the ratio of the klystron power output 
(exciter on) to the system noise temperature (exciter om, 

Fig. 33. System temperature versus elevation 
(azimuth = 260 degl 

ELEVATION ANGLES, deg 

Fig. 34. System temperature versus elevation 
(azimuth = 180 deg) 

as a function of the klystron power output. This param- 
eter, P,,/Temp, being proportional to the received signal- 
to-noise ratio, was found to be maximized (for zenith 
operation) at about 52-kw transmitted power. According 
to a curve published in Ref. 13, this indicates that 
the two antennas have about 99- to 104-db isolation 
at zenith (which decreases drastically below about 45deg 
elevation, according to Figs. 33 and 34). At 75-deg eleva- 
tion, the optimum power was found to be about 42 kw 
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(Fig. 35) which corresponds to about 97- to 101-db isola- 
tion. The degradation in optimal performance is less than 
a db loss in SNR; but if a fixed transmitter power of 
52 kw is assumed, then a degradation greater than 1.5 db 
arises at a 75-deg elevation angle. At lower elevation 
angles, this becomes even more serious. 

e. CaZibration. The return signal is demodulated inside 
the receiver cone by a signal from the LO balanced 
modulated by the receiver coder. Similarly, the transmit- 
ter is modulated in the cone by a signal from the RF 
exciter balanced-modulated by the transmitter code. The 
fact that these operations take place in the Cassegrain 
cone means that all delays and instabilities occurring in 
the receiver (or transmitter) proper do not affect range 
readings. Both transmitter and receiver signal lines run 
from the control building to the antenna and are subject 
to the same environment, and thus fluctuate, if at all, 
together. Thus, almost a minimum calibration delay exists 
between the two coders at “zero” range. With both trans- 
mitter (at very low power output) and receiver on, the 
leakage from transmitter into the receiver (a “zero” range 
configuration) was sufficient to indicate less than I-Fsec 
system delay-giving the system an inherent accuracy, 
without calibration, of better than 150 m. 

With the antenna pointing at the collimation tower, it 
was possible to tune the modulators for maximum carrier 

suppression which, with the present equipment, ran 
47 to 65 db. 

It was also possible to range-gate the vicinity of the 
collimation tower, and thus to measure the time delay 
between the antenna and collimation tower (Fig. 36). The 
antenna-to-collimation tower distance has been surveyed, 
but the distance has not been referred to any particular 
point on the antenna, and thus provides only an estimate 
of the correct range. 

The cross-correlation function is of a known triangular 
shape. With a system delay of 7 sec, this appears as in 
Fig. 37, when a target lies in the beam. With readings 
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Fig. 36. Measured range-gate calibration data 
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taken at T~ and T~ = Tn + 1 psec, the value of T can be 
found by interpolation: 

1 

where io and rl are defined in Fig. 37. 

Using the data plotted in Fig. 36, the “zero”-range 
system delay is about 0.55 pec, while the collimation 
tower range system delay is 10.74 psec. This should give 
the dish-target-dish range to the collimation tower 
(Fig. 38) as 10.19 psec, or 1528.5 m. 

The survey distance to the tower is 1547.5 m between 
line-of-centers, but as mentioned earlier, this has not been 
referenced to the dish, as yet. These figures agree within 
19 m, however, and this number represents the present 
calibration uncertainty in the system. 

f.  Data, and the conduct of the expm’ment. The sys- 
tem was completed for checkout on November 11, 1963, 
and preliminary runs indicated several items which 
needed improvement. The most important of these was 

( a )  

lack of carrier suppression in the modulators. On Novem- 
ber 12, for example, it was possible to tune the suppres- 
sion only to about 30 to 35 db. The program was changed 
so that integration time per gate could be varied as 
desired. The remainder of the week was involved in sys- 
tem checks, etc. Jupiter and Venus experiments occupied 
most of the time during which the Moon was visible at 
Goldstone. 

On November 18, 19, and 21, echoes were recorded 
and that data is presented in Figs. 39, 40, and 41. The 
abscissa in these represents microseconds of offset delay 
from the Goldstone working ephemeris value of Earth- 
Moon distance. Note that the point marked F on each 
chart, corresponding to the estimated distance to the 
front face of the Moon is 84,80, and 82 psec, respectively. 
These times corresponded to inaccuracies of about 12 Ian 
in the working ephemeris. 

Since the present state of lunar orbit theory is much 
more accurate than these figures indicated, the program 
which generated the working ephemerides was carefully 
checked and errors were removed. Corrected ephemer- 
ides will be available for future experiments, probably to 
begin in February 1964. 

LEAKAGE PATH 

Z E R O  RANGE CALIBRATION 

COLLIMATION TOWER RANGING 

Fig. 38. Calibration of lunar radar system 
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DELAY OFFSET FROM WORKING EPHEMERIS, ROUND-TRIP psec 

Fig. 39. lunar radar data for November 18,1963 
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Fig. 40. lunar radar data for November 19, 1963 

Reduction of these data to give specific characteristics 
about the lunar surface is presently being performed, but 
extensive results are as yet premature. The next article, 
however, discusses some of these data in more detail. 

2. Lunar Radar Range Measurements 

This article is concerned with a description of the 
astronomical aspects involved with the interpretation of 
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Fig. 41. lunar radar data for November 21, 1963 

Goldstone lunar radar range measurements. Since the 
intent of this article is descriptive, only very preliminary 
results are presented, and these only for purposes of 
illustration. 

The radar measurements considered here may be 
heuristically thought of as consisting of the following: 
The entire Moon is irradiated with CW radio-frequency 
energy. Then, by means of coded modulation, the re- 
ceiver selects only the energy reflected from a specified 
“range interval” of 300-m depth at a set distance from 
the radar. The range interval is stepped in 150-m incre- 
ments (1 psec) until a returned signal is detected when 
the interval contains the front edge of the Moon. 

Because of the detailed shape of the range interva1,the 
effective width of the range-gate turns out to be about 
150 m. Once the front edge of the Moon has been de- 
tected, further stepping of the range interval isolates 
the reflected energy from annuli centered about the sub- 
radar point on the lunar surface. The instantaneous 
sub-radar point varies continuously with time due to the 
librations of the Moon and due to the rotation of the radar 
about the Earth‘s axis. 

Fig. 42 shows the range zones for the sub-Earth point 
at 0 hr UT on November 19,1963. The sub-Earth point is 
the point of the Moon’s surface which lies on a straight 
line connecting the Moon’s mass center to the Earth‘s 
center. The lunar coordinates of the sub-Earth point are 
1.99 deg South and 3.30 deg East in accordance with 
standard astronomical notation for the Moon. In this 
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Fig. 42. Lunar topographic map showing range zones 
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Fig. 43 shows the size of the first range zone relative 
to the Moon. The sub-Earth points are shown for 
November 18, 19, and 21 as they move in a clockwise 
direction. 

The radar measurements for November 18, 19, and 21 
were presented in Sec. IV-C-I of this report. The run 
for November 19 has been given some attention for 
purposes of illustration (Fig. 40, Sec. IV-C-I). Fig. 40 
shows that the first indication of a returned signal occurs 
at 77 p e c  after the position of the lunar front edge 
was reached. The reference for this front edge was ob- 
tained from the working Goldstone lunar ephemeris and 
the 77-psec difference represents a bias in this ephemeris. 

S- 

Fig. 43. Scale lunar map showing sub-Earth points 
for November 18, 19, and 21, 1963 

notation, North and West are positive, as shown in Fig. 
43. The picture was obtained by centering an overlay of 
concentric circles on the sub-Earth point. The maps used 
were Lunar Charts LAC 59 and LAC 77 (published for 
the United States Air Force and National Aeronautics and 
Space Administration), which have a scale of 10 km/cm 
and altitude contours at 300-m intervals. 

Since the maps used were mercator projections and 
the overlay was a plane projection, there will be some 
error. This error is slight since the map covers a relatively 
flat area. There are 15 range zones shown on the map, 
each 150 m deep. The diameter of the first zone is 
45.66 km and the outside diameter of the 15th zone is 
176.82 km, with a projected width of 3 km. It is a property 
of a sphere that such zones have equal areas on the 
sphere and, for the small area in point, the projected 
areas are almost equal. 

It should be noted carefully that the sub-Earth point 
and not the sub-radar point was used. The sub-radar 
point is the point on the Moon’s surface which lies on 
a straight line connecting the Moon’s center to the radar. 
The sub-radar point differed from the sub-Earth point 
by almost O0 30‘, but since the sub-radar point oscillates 
daily about the path of the sub-Earth point, the sub- 
Earth point was chosen for illustration. 
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The working ephemeris was obtained from Brown’s 
Improved Lunar Ephemeris (ILE). Since the geocentric 
distance of the center of mass of the Moon is expressed 
as the angle subtended by an Earth radius at the center 
of the Moon in the ILE, a value of the Earth radius 
must be used to obtain the distance in kilometers (or 
psec). The value used in the working ephemeris was 
the best modern value of 6,378,145 m obtained from 
terrestrial measurements. The use of this value was in- 
correct. Brown’s lunar theory was constructed using then 
current values of certain astronomical constants such 
as the Earth-Moon mass ratio, Earth radius, solar paral- 
lax, etc. Consequently, the lunar distance in kilometers 
can be obtained only by using a pseudo-Earth radius 
which tends to be consistent with the constants actually 
utilized in Brown’s ILE. If one assumes that the mean 
lunar distance is given by ii= 384,000.0 km, which was 
obtained by both optical techniques and radar measure- 
ments, and the radar value for the solar parallax, one 
computes the “best” pseudo-Earth radius of 6,378,327 m. 
The use of any such value is not really ideal since one 
should regenerate the ILE with each term corrected 
from the modern constants. However, since there are 
approximately 2000 such terms in the theory, this pro- 
cedure would be very laborious. Due to changing the 
Earth radius from 6,378,145 to 6,378,327, the correction 
for the lunar radar distance at the epoch of interest for 
November 19 is 75 psec. The small disagreement of 
1 psec = 0.15 km in one-way range between the cor- 
rected difference and the observation is apparently 
fortuitous. A surface correction of about 2.5 km (from 
Fig. 42) should be applied as well as corrections for the 
nonsphericity of the Moon’s figure, and for the difference 
in the position of the center of mass of the Moon and 
center of the Moon’s figure, each amounting to about 
1 km in range. 
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Furthermore, it is not clear that the point of initial 
signal rise in Fig. 40 should be selected for analysis. 
If the lunar surface were a smooth sphere, the response 
to the radar signal would rise to a maximum value in 
1 psec of range-gate stepping. However, the observations 
show that the signal rises to a maximum value several 
microseconds after the first contact. This effect is appar- 
ently due to the detail surface contour as a function of 
height above the mean lunar surface. Thus, the response 
of the Moon in the range-gate as a function of height 
above the mean lunar surface is apparently a measure 
of the quantity of projected area to the radar line of 
sight in the range zone. The detailed shape of the signal- 
rise curve is consequently a measure of the probability 
distribution of this area as a function of height. For 
purposes of illustration, one can consider an overly sim- 
plified model of the lunar surface consisting of conical 
mountains of equal height. In such a circumstance, it 
can be easily shown that the measured response would 
be a linear ramp in time (range), the slope of which 
depends on the slope of the conical structures in a sim- 
ple way. Thus, it appears that a study of the observed 
response cun’es may be a powerful means of studying 
the lunar topography over regions of 45-km sizes. 

The improvement of the lunar ephemeris for purposes 
of calculating significant astronomical constants from 
radar observations has been undertaken as a major 
research effort. The progress of this work will be reported 
in subsequent SPS’s. 

D. Ranging and Tracking System 
Development 

I .  Monostatic Radar Operating Parameters 

a. Rksume’. Preliminary test results of the anti-sideband 
system now under development, coupled with the effects 
of target dynamics discussed in Ref. 14, have pointed up 
several areas of compromise in the selection of receiver 
loop bandwidth, keying rate, and predetection band- 
width. Inherent in the problem are the uncertainties of 
prediction of range and range rate at the time of satellite 
acquisition. A largely qualitative description of the anti- 
sideband system and its performance is followed by a 
discussion of over-all system trade-offs. 

b. Anti-sideband system. A synchronous sideband de- 
tector capable of detecting and rejecting spurious receiver 
lock to keying sidebands down to receiver threshold has 
been assembled with evaluation underway at the pres- 
ent time (Fig. 44). In the figure, the cross-hatched blocks 
represent a conventional receiver. The principal of oper- 
ation may be stated as follows: The received signal pos- 
sesses a spectrum corresponding to 100% amplitude 
modulation of the carrier by a square wave as a result 
of the keying. If this signal is detected in a phase-locked 
loop and then multiplied (Le., the dynamic phase error) 
by a local model of the keying square wave delayed 
90 deg, the resulting output, filtered over a period greater 
than the keying interval, is zero for carrier lock, but 
nonzero for lock to any Significant (odd-order) sideband. 
This system has been previously reported in Ref. 15, p. 81. 

Also reported in Ref. 15, p. 76, is essentially the same 
system with two significant differences: 

(1) The sequence of performing RF detection and 
multiplication by the keying reference is reversed. 

(2) Once detected, a sideband lock is rejected by means 
of a cancelling voltage rather than by shorting the 
loop as implied in the first reference. 

The first feature has been incorporated because of 
hardware design considerations while being functionally 
equivalent. While the second feature may theoretically 
offer some advantage in acquisition program, the ability 
to achieve cancellation in practice is contingent upon 
maintaining identical performance in the hardware of 
the main loop and the cancelling loop. In Fig. 44, the 
dotted blocks indicate additional functions required for 
lock cancellation as distinguished from loop shorting as 
performed by the balance of the diagram. Preliminary 
tests have revealed that, for matched phase detectors 
and a summing junction designed into the input of the 
loop filter, the effective loop gain (and hence bandwidth) 
was substantially reduced by the cancelling voltage; but 
under static tuning conditions, the lock could not be 
consistently broken by optimization of reference phasing. 
As predicted, however, for a fixed polarity, the cancelling 
voltage aided rather than opposed the main loop on 
alternate sidebands, thus doubling the loop gain and 
increasing the loop bandwidth. It would appear that 
the cancelling method of breaking lock will be dependent 
upon acquisition sweep rate for the practical case of 
nonidentical voltages. 

On the other hand, the shorting method has performed 
effectively with this detector as well as in connection 
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Fig. 44. Anti-sideband system 

with a “strong signal sideband discriminator” (Ref. 16, 
p. 38). 

To date, evaluation of the detector proper has indi- 
cated generally satisfactory performance with the fol- 
lowing conclusions: 

(1) Nonideal even-order sidebands arise due to time 
asymmetry in the IF signal. The performance of 
the sideband detector is erratic for even-order side- 
band locks. Analysis confirms nominally zero output 
for multiples of four. Three most probable sources 
of asymmetry in an operational system appear to 
be: error in range prediction at time of acquisition, 

SIDEBAND 
LOCK 

transmitter rise time, and IF bandwidth character- 
istics. 

(2) Detection of the sideband lock voltage by means 
of a synchronous amplitude detector yields the 
desired nominally constant amplitude independent 
of odd sideband number provided that the over- 
load dynamic range of the receiver is not exceeded. 

(3) Receiver overload is reached sooner as a function 
of sideband number for keying rates less than 
10 times the loop bandwidth (PL). This is a conse- 
quence of partial tracking of the modulation with 
a resulting reduction of sideband amplitude within 
the loop. 
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(4) The predetection bandwidth preceding the side- 
band detector limits the extent of mistuning over 
which detection is achieved. Assuming that knowl- 
edge of the received signal strength could be used 
to perform amplitude discrimination for sidebands 
outside this passband, a meaningful choice of band- 
width would be that which just encompasses all 
sidebands for which receiver overload is not ex- 
ceeded (2). Assuming linearity to the 15th sideband 
(27.5 db), 

BW,, 12hrfk = @!k 

where f k  is the keying frequency. For keying rates 
presently under consideration (Ref. 14), a prede- 
tection bandwidth of the order of 10 kc would 
be required. For reliable sideband detection then, 
the frequency uncertainty or search range must 
be kept to within 

5Ooo 
2400 x 10“ = = P P ~  

or, 2 ppm/50 ppm = +4% doppler prediction for 
minimum altitude satellites. 

Typical of data obtained to date is Fig. 45. For this 
keying rate and predetection bandwidth, the perform- 
ance is evidently limited by the overload dynamic range. 
Of interest is the behavior of the “odd” even and “even” 
even order sidebands. However, within the nominally 
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Fig. 45. Sideband detector performance 

satisfactory range of operation, the odd side-band output 
voltages vary in amplitude approximately 7 db. Although 
the cause has not been completely identified, it is esti- 
mated that a tolerance of 3 db could be met with rea- 
sonable care with respect to such factors as I F  passband 
ripple and phase response, gain tracking of separate 
detectors, and optimum phasing procedures. Possibly 
involved here also is the selection of optimum digital 
time delay in the keying reference as a function of 
IF time delay. 

c. Discussion of system parameters. Although an anti- 
sideband system with immunity to incidental even order 
sidebands is conceptually feasible, hardware implemen- 
tation and complexity do not as yet appear practical. 
However, it appears feasible, through control of even 
order sideband amplitude, to obtain effective immunity 
with the present system as discussed below. 

In order to specify control of even order amplitude, 
consider the following relationship, valid near symmetry: 

A, 1 - T,/T,  _ -  - 
A,, 1 + T,/T,  

where A,/Ao is the fourth order amplitude relative to 
the carrier, T ,  is the on time of the signal, and T ,  is the 
of time. 

Tentatively assuming a ratio of 1:lOO (40 db) in side- 
band level, T,/T, = 0.5%. This leads to the requirement 
of range estimation for keying purposes at acquisition 
to within +I%. Similarly, for maximum keying rates (as- 
sume lo00 cps), the total effective asymmetrical rise-time 
of the system must be no greater than 5 psec. In order 
to meet this over-all requirement, it is estimated that a 
specification of 1-psec rise-time per contributing subsys- 
tem is necessary. Probably the most critical and difficult 
to achieve is the klystron beam keyer. 

Receiver overload linearity is typically specified as 
exceeding the predetection-to-loop-bandwidth ratio of 
nominally 20 db. Design changes have extended this 
range to near 30 db with the expectation of exceeding 
this figure in the final hardware. Taken together with 
40-db even order sidebands, it is anticipated that signal 
strength prediction within 10 db will at least inhibit false 
indication of carrier lock if not actually prevent spurious 
side-band locks at extreme operating conditions such as 
experienced outside the predetection bandwidth. 

Consideration of predetection bandwidth involves items 
(3) and (4) above. First, consider the effect of strong 
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signal bandwidth widening with consequent partial track- 
ing of low keying frequencies leading to degradation of 
over-all system performance. 

Let B = sinusoidal low-pass bandwidth of loop 

where CY is the limiter suppression factor (taken as unity 
for strong signals), is the threshold value, and PI,o is 
the threshold noise bandwidth. Similarly, 

where f,,,o.r is the maximum doppler rate that can be 
reliably tracked. Assuming that the system design is rate 
limited, then, combining, 

and 
- -  

It follows then: For a gioen strong signal transient per- 
formance, the strong signal sinusoidal response m y  be 
minimized by maximizing all or 2~l,l,/BWl, ut the cost 
of threshold sensitivity. 

The choice of keying rates is limited at the low end by 
this partial tracking and at the high end by such factors 
as rise time, symmetry, and keyer control complexity. 
Additionally, for the latter reason, it is desirable to main- 
tain a band of keying rates whose upper and lower limits 
are in the ratio of at least 2 or 3. Taking all the foregoing 
into account, it is imperative to minimize the sinusoidal 
bandwidth, B .  Since this leads to a diametrically opposite 
requirement from (4), a dual IF channel approach is 
presently under evaluation. 

To summarize, the following parameters are presently 
under consideration: 

Maximum doppler rate (Echo), 450 cps/sec 
hlinimum threshold bandwidth (ZP,,,), 40 cps 
Nominal threshold bandwith (2P,,,),a 20 cps 
Loop predetection bandwidth, 500 or 2000 cps 
Sideband predetection bandwidth, 8000 to 16,000 cps 
Maximum keying rate, 600 to 900 cps 
Minimnm keying rate, 300 cps 
Loop response to 300 cps at strong signal, 16 or 22" db 

"Accepting an RF cone of silence, as yet unevaluated. 
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2. Monostatic Satellite and Lunar Radar 
fMSSLRI Transmitter 

a. Introduction. A 10-kw S-band transmitter operating 
at 2.388 Gc will be used for the initial installation in the 
30-ft antenna at the Venus site, Goldstone. The transmit- 
ter system is being built at JPL using the klystron and 
some other components from the Echo and planetary 
radar transmitter (Ref. 17). The principal difference in 
the functional block diagram (Fig. 46) is the addition of 
a klystron beam modulator. The transmitter, as used on 
those experiments, was found to have many shortcomings 
that reduced its reliability. I t  is being modified in design 
to make it more reliable and to provide better operator 
convenience. 

b. Discussion. The principal modications to the trans- 
mitter are to protect the klystron from certain damages. 
They are as follows: 

(1) Directional couplers. Directional couplers are used 
to measure the forward and backpower of the RF 
output cavity of a klystron. The backpower coupler 
is especially important in that it is used to detect 
both excessive transient VSWR due to waveguide 
arcs and high VSWR due to klystron output load 
mismatch. Either condition may destroy the klys- 
tron by breaking the quartz output window. 

New forward and backpower directional couplers 
had directivities of 20 db  or less which made an 
uncertainty of backpower measurement of 100 w 
at 10-kw output. Such errors are intolerable since 
the klystron window can withstand only 900 to 
1000 w of backpower. 

( 2 )  Arc detector. A photodiode directed at the klystron 
window senses waveguide arcs. Associated cir- 
cuitry is actuated to remove the RF drive to the 
klystron so the arc is extinguished. R F  drive isola- 
tion of about 25 db is necessary to extinguish an 
arc. Fast response times are necessary to prevent 
damage to the tube. A new arc detector will be 
provided for the transmitter that will have a re- 
sponse time of 5 psec or less. The old unit was 
inadequate since it had a response time of many 
milliseconds; it removed the RF drive from the 
klystron by actuating a relay that removed the R + 
voltage from the exciter. The new arc detector will 
remove the RF drive by biasing a coaxial diode 
switch placed near the RF input to the klystron. 

(3) Power metering. New Hewlett Packard 431B power 
meters will be used to measure the RF output, RF 
backpower, and R F  drive power. The old system 
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Fig. 46. Functional block diagram, IO-kw, 2.388-Gc transmitter system 

used crystal detectors that were both nonlinear 
and temperature sensitive. 

Variable attenuators will be used to set power 
levels for the power meters. These attenuators are 
sensitive to temperature changes; they will be 
housed in a constant temperature oven to mini- 
mize any drift due to the widely varying ambient 
temperature at Goldstone. 

(4) Waveguide w i t ch .  A waveguide switch will be 
installed to provide rapid switching of the klystron 
RF  output power from the antenna feed to the 
water load. Prior to this, it was necessary to man- 
ually connect the water load to the transmitter by 
flexible waveguide. Not only was this time con- 
suming, but opening the waveguide introduces the 
possibility of contamination. 

(5) Water flow gages. The klystron, klystron magnet, 
and R F  water load are water cooled. This equip- 
ment can be damaged by low water flow rates. 

WATER 

Water flow meters that incorporate low flow inter- 
locks as well as dials indicating flow rates will be 
installed in the system. The old system was unsatis- 
factory in that only low flow interlocks were pro- 
vided and these were dependent upon the factory 
setting; actual flow rates were not known. Indi- 
vidual flow valves will also be installed to permit 
individual flow rate adjustments. 

E. S-Band Implementation 
for DSlF 

1 .  TWM for DSlF 

a. Summary. The fist two units of the traveling wave 
maser (TWM) subsystem are nearly complete and will be 
shipped to Goldstone soon. The closed cycle refrigera- 
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tors (CCR's) for these TWM's have been received and 
checked out. 

The experimental prototype TWM/CCR system at the 
Venus site has had one crosshead failure since it was 
installed. 

b. Recent work. 
T W M  package. Fig. 47(a) shows a side view of the 

TWM package. The permanent magnet is seen in the bot- 
tom compartment, and the klystron pump box is shown 

in the middle with cover removed. The input and output 
connections are visible at the top. Fig. 47(b) shows a 
front view of the TWM/CCR package. The CCR cross- 
head drive and Dewar are displayed in this view. 

Compressor package. The new CCR compressor unit 
which has been repackaged by the manufacturer (A. D. 
Little, Inc.) is shown in Fig. 48. The new machine is 
more compact than the old version, and serviceability is 
good. A vacuum pump, a liquid nitrogen cooled helium 
gas purifier, and a CCR control unit are furnished as 
auxiliary equipment. 

Fig. 47. Traveling wave maser (TWM): (a) side view and (b) front view 
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Fig. 48. Front view of compressor 

The phase sequence of the 440-v, three-phase supply 
is immaterial since the compressor can operate in either 
direction of rotation. 

Control and monitoring equipment. Fig. 49(a) shows 
the front view of the TWhI CCR control and monitoring 
racks. A solid-state, 50-Mc IF strip and a versatile noise 
source switching device are to be retrofitted into these 
racks at  a future date. These two items and the monitor 
receiver are the only remaining components yet to be 
received. 

Fig. 49(b) shows the rear view of the racks. The philos- 
ophy on the wiring has been to allow easy maintenance 
and testing. 

Prototype system field testing. Although the operational 
performance of the experimental prototype TWM /'CCR 
at the \'enus site has been fairly good, the recent failure 
in a new set of gears has caused some concern. These 
gears failed after 600 hr of operation, less than half of 
the planned replacement-maintenance period; the (pre- 
vious) original set was replaced after 5000 hr of duty 
without failure. The inconsistent performance of these 
gears has proved to be the weakest point in the CCR. 
A concerted effort between users and manufacturer is 
being made to solve this problem. 

2. Acquisition Aid for DSlF 
a. Summary. An acquisition aid (SAA) is being devel- 

oped for the DSIF 85-ft antennas a t  S-band. The basic 

design has been completed and all major components 
are on order for the prototype system. 

b. Recent work. As described in Ref. 18, an S-band 
acquisition aid is being developed for the DSIF. This 
system is basically similar to the existing L-band system 
(Ref. 19), but with certain changes to improve technical 
and operational performance. These changes, described 
previously, basically involve extra angle error receiver 
channels to improve the tracking presentation to the 
operator. 

The SAA antenna is identical to the SChl feed horn 
which is the feed for the S-band Cassegrain system, and 
consists of a multimode, suppressed sidelobe, single horn 
monopulse unit. A contract has been awarded to the 
Hughes Aircraft Company, Fullerton, California, for the 
design, development, and construction of two units 
together with the antenna mounting and alignment de- 
vices. These t\vo S,4A antennas, scheduled for delivery 
in January 1964, will be tested with helicopter flights 
early in 1964 and, if proven satisfactory, will become the 
Johannesburg and \Voomera DSI F Station operational 
units. 

Design of various items of support clqnipment is under- 
way. A close-in, erectable collimation tonrer is being 
designed to permit rapid multipatli-free phasing and col- 
limation of the acquisition system. A standard gain, sup- 
pressed sidelobe, circularly polarized horn antenna has 
been designed for use on these collimation tolvers. An 
optical TV package. to be mounted in the antenna struc- 
ture near the SAA, will provide for rcmote (control room) 
alignment and phasing procedures with the erectable 
collimation tower. 

3. DSIF Microwave Switch Control Assembly 

a. Summary. During the design of the present DSIF 
block diagram, it became evident that some means was 
needed of rapidly and safely controlling the large number 
of microwave switches. A similar problem had esisted in 
the experimental radar at the Venus site at Goldstone, 
and had been siiccesqfnlly sol\wl with ailtomatic eqiiip- 
ment (Ref. 20). Consequently, an automatic switch con- 
trol system \vas designed and is being fabricated for the 
DSIF S-band implementation project. 

27. Recent work. The primary function of the niicro- 
wave switch control assembly in the DSIF is the align- 
ment and position indication of all waveguide and some 
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Fig. 49. TWM/CCR control racks: (a) front view and (b) rear view 

coaxial switches shown on the DSIF S-band implementa- 
tion for GSDS 1964. A secondary, but equally important 
function, is the remote indication, control, and interlock 
features provided to other interfacing subsystems and 
assemblies. 

The switch control assembly consists physically of one 
standard DSTF rack of control eqiiipment and one con- 
trol panel located convenient to the station manager. The 
switch control assembly functional block diagram is 
shown in Fig. 50. Following is a brief description and 
summary of operation. 

There are 20 identical units, the individual switch 
controllers (Fig. 51), which contain the necessary power 
supply, power line isolation, and command and indicate 
circuits associated with a given switch in the microwave 
system. Their individual position can be determined by 
noting which indication lamp is lit. 

Normally these switch controller iinits are slaved to 
the switching and interlock logic panel. This unit accepts 
mode commands from the two control panels (Figs. 52 
and 53), and translates them into switch drive com- 
mands which it sends to the individual switch controllers. 
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Fig. 51. Typical switch controller 

When the switches concerned have executed the corn- 
mand, the individual controllers send position data to 
the logic panel, which then translates these data into 
mode indications. 

If the particular mode command involves a waveguide 
switch which could be carrying transmitter power, it 
would first check for beam and/or exciter condition. If 
either is on, it will command them off, and wait for indi- 
cation that they are indeed both off. Only then will it 
issue the commands to the switch controllers, and will 
continue to prevent beam or exciter operation until the 
switching is complete and the correct mode has been set 
up, at which time it will allow the transmitter functions 
to turn on again. This type command is not normally 
given during a tracking mission, but the safety precau- 
tion must be included. The logic panel is also completely 
self-checking insofar as switch positions should agree with 
mode commands in the logic panel. It also sends switch 
position data to the interface connection panel. This 
panel is primarily for isolation between the switch con- 
trol system and its interfacing subsystems. 
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Fig. 53. Rack control panel 

There are six interfaces (Fig.. 50): (3) The TWM assembly receives indication of whether - 
the maser is connected to the antenna or one of 
the reference temperature loads. 

(4) The antenna mechanical subsystem supplies indi- 

(1) The mission monitor subsystem receives switch 
position contacts. 

_ -  . .  
(2) The digital instrumentation subsystem receives cation of which feed is supplying the servo error 

switch position contacts. signals. 
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(5 )  The transmitter final amplifier receives beam volt- 
age interlock circuits and remote control and indi- 
cation of the RF water load waveguide switch and 
supplies beam voltage on-off indication. 

(6) The receiver-exciter subsystem receives exciter 
interlock circuits, attenuator bypass switch com- 
mands, and indications for each receiver as to what 
its path is through the waveguide to which of the 
two antenna feeds. The exciter supplies on-off 
indication. 

All rack connections are through the rack junction box, 
and the antenna cables lead to similar junction boxes in 
the SAA area, the cone, and the Dec wheel room, where 
they then break out into individual switch control cables. 

There are two control panels in the switch control 
assembly. The mode control panel (Fig. 52) allows the 
operator to transfer the transmitter between the SAA 
(S-band acquisition aid subsystem) and the SCM (S-band 
Cassegrain microwave subsystem); transfer either receiver 
reference channel between the SCM and SAA independ- 
ently; and ut Pioneer only, the operator can select the 
polarization of the SCM, i.e., left or right circular, and the 
polarization of the SAA, as to whether it is normal, i.e., 
the same as that of the SCM, or reverse, the opposite 
polarity of the SCM. At all other stations these switches 
are not here, but the operator does have the polarization 
indication lamps. 

The Gperator accomplishes any of the previous trans- 
fers by pressing the spring return toggle switch toward 
the indicator reflecting his choice. When the indicator 
comes on, it is his indication that the mode has been 
completely executed. The key switch allows the operator 
to lock all controls in any configuration he desires, so that 
accidental commands by unauthorized persons are elim- 
inated. The indicators in the bottom row tell the operator 
of some nonstandard condition in the switch control 
system. 

The purpose of the rack control panel (Fig. 53) is for 
calibration needs of other subsystems: testing and non- 
standard mode control. 

Various groups of controls allow calibrations of the 
parametric amplifier or the TWM by connecting them to 
either of the reference temperature loads, or allow the 
transmitter output klystron to be connected to the RF 
water load, either from this panel or, by selecting remote 
control, from the final amplifier panels. If either of these 

two calibrate features are in use, the appropriate red 
light indicates on the mode control panel. 

Another set of push buttons defines the nonstandard 
modes used to bypass low-noise amplifiers or achieve direct 
waveguide connection to the feeds. Selecting any of these 
modes lights a red telltale light on the mode control panel. 

Additional buttons are used to put the system in man- 
ual mode, which allows one to control each switch indi- 
vidually from its own switch controller. The purpose of 
this mode is for testing an individual switch or possibly 
such tests as waveguide VSWR or insertion loss measure- 
ments of a configuration not obtainable by the various 
mode commands. When the system is in manual mode, all 
other mode commands are locked in their existing condi- 
tion and a red light on the mode control panel notifies the 
operator. 

When the rack control panel is unlocked, a red lamp 
indicates that to the operator. Locking this panel will 
leave a nonstandard mode in its existing configuration, but 
it will return to normal the following: a manual mode com- 
mand, any receiver calibration command, and if in normal 
control, return the water load switch to normal. As indi- 
cated before, any error or discrepancy between a given 
mode command and the alignment of the switches con- 
cerned shows up by lighting the “alignment error” light 
on both control panels. 

Several criteria were closely followed in designing the 
circuitry for the switch control assembly. Among the most 
important is the fail safe nature of the circuits, thereby 
minimizing the danger to personnel and damage to high- 
power R F  equipment; the self-checking error feature, the 
modular design allowing modification or change of one 
part of the system without affecting other parts; and the 
use of high-quality, long-life components throughout. In 
general, one particular component part has been used 
wherever possible throughout the system, thereby sig- 
nificantly reducing the number of spare parts required. 

All electrical and mechanical design has been done at 
JPL utilizing to the fullest extent the experience in cir- 
cuitry, component part reliability, and system operation 
gained in constructing and operating the Venus site 
planetary radar switch control system. Reliability of the 
DSIF switch control assembly should be equal to, or if 
possible, better than that of the Venus system. The short- 
est lived part in each system is guaranteed to have lo7 
operations. 

Fabrication of five complete assemblies is being done 
at the Industrial Products Division of ITT with deliveries 
scheduled to be commensurate with the Cassegrain cones. 
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V. Advanced Antenna System 

A. Synopsis 

On-site preparations at the Mars site, Goldstone Sta- 
tion, and engineering design for the 210-ft diameter, 
fully steerable paraboloid continue. The antenna is being 
designed for operational use at the DSIF Stations at the 
DSIF S-band frequencies (2.1 to 2.3 Gc). 

Preliminary design and engineering analysis for the 
contractor furnished system, the principal element of the 
first AAS, is nearing completion at Rohr Corporation, 
Chula Vista, California. Primary effort of the JPL Project 
Office has been in assisting the Rohr Corporation effort, 
resolution of difEcult design problems, and supervision 
of the on-site preparation. 

The design progress has been thoroughly reviewed in 
a series of meetings at the Rohr Corporation and at JPL 
for the purpose of assuring that the design concept is 
sound and that the complexities and interrelationships 
of all phases of the program are sufficiently understood 

to safely proceed with the first major construction steps- 
those of placing the concrete for the pedestal foundation 
and instrument tower. As the result of these reviews, the 
decision has been made to proceed with the concrete 
pedestal and instrument tower as scheduled. 

The pedestal is to be a reinforced concrete cylinder 
with a flat slab top which will have a concrete collar in 
the center. The pedestal will have a ring type footing that 
will be 11 ft below grade. The weight of the completed 
pedestal will be approximately 10,OOO,000 lb. The walls 
will be 3 ft 6 in. in thickness. Design analysis indicates 
that pedestal deflections are compatible with the over-all 
system pointing and dynamic requirements, The pedestal 
and foundation rotation for a 30-mph wind is 1.5 sec. 
The maximum soil pressure beneath the foundation, 
under seismic conditions, is 8070 Ib/ftz. The maximum 
soil pressure beneath the foundation, under wind condi- 
tions, is 6500 lb/ftz. Comparing this with the JPL design 
requirement of an allowable 20,000 Ib/ft2 represents a 
safety factor of 2.5. The shear failure occurs in the soil 
at the Mars site, Goldstone Station, at 60,OOO lb/ft2; 
hence, there is a gross soil safety factor of 7.5. 

59 



JPL SPACE PROGRAMS SUMMARY NO. 37-25, VOL. 1 1 1  

Fig. 1. Mars site: (a) access road under construction and (b) on-site progress a s  of November 8,1963 
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The pedestal reinforcing steel and concrete are de- 
signed for maximum moments and shears derived from 
conservative analysis. This approach, plus the fact that 
ai1 tensiie strength of the concrete has been ignmed, lead 
to a substantial safety margin above and beyond those 
inherent in normal design codes. The component designs 
are far enough along to assure that there will be no major 
design changes in the antenna. The safety factors of the 
foundation, however, are such that the weight could 
increase 100% and the foundation would still be adequate. 

The instrument tower will be of reinforced concrete 
and steel and of a height to permit the intersection of 
the axes of the master equatorial to coincide with the 
intersection of the axes of the antenna. The purpose of 
this tower is to serve as the mounting platform for the 
master equatorial unit which is the primary pointing 
reference for the antenna system. The tower design con- 
sists of a floating silo type foundation, a concrete cylinder 
to the top of the pedestal, and a steel cylinder and trun- 
cated cone to the elevation axis. Design analysis indicates 
the natural frequency, determined by using Rayleigh's 
first approximation method, to be 6.61 cps. The rotational 

Fig. 2. Installation of the guyed derrick to be used 
for antenna erection 

motion of the instrument tower about a horizontal axis, 
due to coupled loads resulting from 45-mph lvind gusts 
on the antenna, has been computed to be 1.9 sec of arc. 
The weight of the tower wi!! be 1,200,000 Ib. The mti- 
mated weight of the excavated soil is 1,300,000 Ib. 

The on-site work at the Mars site, Goldstone Station, 
is continuing generally on schedule. Figs. 1 through 4 
depict the on-site activity progress. 

An extension of the present Goldstone road system has 
been completed to provide access to the Mars site. This 
extension is almost 5 mi long, is constructed of 4-in. road 
mix on a select base course, and is 24 ft, 6 in. wide. 

Installation of the 315-ft-high guyed derrick is in 
progress by Rohr Corporation for use in erection and 
construction of the antenna (Fig. 2). The use of this large 
derrick facility will enable placement of all components 
of the antenna except one-half of the outer ribs of the 
reflector from one location, without movement of the 
antenna. These outer elements will be placed by rotating 
the antenna. 

Fig. 3. Pedestal and instrument tower under 
construction 
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Fig. 4. Site progress as of December 10, 1963 

Excavation for the pedestal and the instrument tower 
has been completed, and the placement of reinforcing 
steel, forms, and concrete is in progress (Fig. 3) .  The 
depth of the pedestal foundation is 11 ft below the fin- 
ished grade and its outside diameter is 88 ft, 8 in. The 
depth of the instrument tower is 35 ft below the finished 
grade and its outside diameter is 26 ft. 

A 12,000-gal underground water storage tank has been 
emplaced which will be part of the domestic water supply 
system for the antenna. The water for this tank will be 

hauled from nearby Fort Irwin and gravity fed into the 
tank. 

The sanitary sewage system for the antenna is being 
installed. Extra care in installation is being taken so that 
no moisture from the sanitary sewer system or from any 
other source will be permitted to enter the soil near the 
founding system of the antenna. 

Related JPL in-house supporting studies are reported 
in Sec. IV-A-2,3 of this report. 
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